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sesesesesesedHERE are two ways of preventing tuberculosis, the segre- 
y 


e 
G : , 
th gation of infection and the immunization of persons who 
fi T may be exposed to infection. Both courses are followed 
A 7 in European countries but in the United States we have 
pesesesesesesin neglected the second. It is said that the elimination of 
infection is the direct and logical way of controlling tuberculosis and 
surely it has succeeded well in our own country. Yet, to continue to 
be logical, one must admit that it is a method which will pay diminish- 
ing returns the better it succeeds and there are reasons to suspect that 
the further segregation is carried, the more important vaccination may 
become. 

Immunization against tuberculosis is the kind of prevention C. E. A. 
Winslow may have had in mind when he wrote: “Prevention is a cure 
really effected in time.” This is what may be expected of BCG (Bacille 
Calmette-Guérin) and what has been achieved with it in many con- 
trolled studies abroad. To be candid one must admit that foreign experts — 
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find the American attitude puzzling and shortsighted. The foreign 
workers admit the unfortunate discrepancies which marred the initial 
studies in man, but they consider that later work has overcome those 
defects and firmly established the value of BCG vaccination. And they 
seem to have been more alert to the changing tuberculosis picture and 
the growing importance of vaccination as the frequency of infection 
is reduced or delayed. 

I would like to discuss the place of vaccination in tuberculosis from 
this point of view. 

It is perfectly true that tuberculosis control programs in the United 
States have yielded unprecedented results which promise to eradicate 
the disease completely in the very immediate future and that the death 
rate from tuberculosis has fallen steadily from 200 to 36 per 100,000 
population during the last forty years.’ This meritorious record is ex- 
celled only by that of little Denmark, where during the same period 
tuberculosis mortality has been reduced from almost 300 to 32 per 
roo,ooo population. And Denmark was one of the first countries to 
avail herself of BCG vaccination. Today this vaccine is being used 
extensively throughout Denmark on her tuberculin negative population 
under 50 years of age.” 

At length the sentiment toward BCG has changed in the United 
States and governmental medical authorities have come to believe that 
the requirements of safety for the use of BCG in man have been ful- 
filled and that its effectiveness has been proved on more than an experi- 
mental scale. Thus we have seen recently two official attempts being 
made by the United States Public Health Service* and by the New York 
State Department of Health, in codperation with The Medical Society 
of the State of New York* to use BCG in groups of individuals exposed 
to special risks of infection, such as student nurses, medical students, 
hospital personnel, inmates in mental hospitals, and generally among the 
Indian and Negro populations. 

In spite of the present relatively low level of tuberculosis in the 
United States, last year more than 50,000 deaths from tuberculosis 
occurred in this country, of which 6,600 died in the State of New York 
alone. The majority of these victims are between 20 and 45 years of 
age—that relatively brief life span on which the nation depends so much 
for its strength. And each of these deaths represents nine cases of frank 
tuberculosis. This places the number of tuberculosis patients at 500,000. 
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Only half of these individuals are known to be under treatment, and 
only one-fourth in hospitals and sanatoria. Epidemiologically speaking: 
approximately 180,000 frank cases of tuberculosis are left at large to 
infect the healthy population in the United States.° 

Most countries present a similar epidemiological tuberculosis situa- 
tion although in varying degrees of severity. It exists in the Scandinavian 
countries where the cost of maintaining tuberculosis patients and their 
families becomes an excessive drain on governmental and private funds. 
For this very reason these small countries are pushing the tuberculosis 
control programs to the limit with compulsory tuberculin test surveys, 
miniature chest x-ray examinations and isolation and treatment of all 
known cases of the disease. In addition to the time-honored tuberculosis 
control measures, Denmark, Norway and Sweden have concertedly 
entered upon nation-wide BCG vaccinations of the susceptible tuber- 
culin negative population under 50 years of age in a frantic effort to 
reduce tuberculosis mortality and morbidity to a minimum within the 
shortest possible time. While BCG vaccination remains on a voluntary 
basis in Denmark and Sweden and proceeds successfully, the intran- 
sigeant antivaccination sentiment, which is dominant over all of Nor- 
way, compelled the Norwegian parliament of December 8, 1947, to 
make BCG vaccination compulsory for all tuberculin negative persons 
under 50 years of age. 

Having for the past 16 years been intimately associated with experi- 
mental and clinical BCG studies, beginning at the University of Roches- 
ter School of Medicine in 1930,° continuing with the late Professor 
Calmette at the Pasteur Institute in Paris in 1932,° and as director of 
the National BCG Laboratory at Bergen, Norway until the fall of 
1945° and at the present time in charge of the BCG Laboratory of the 
New York State Department of Health, Division of Laboratories and 
Research,* I have come to know the limitations and possibilities of 
tuberculosis control with the BCG vaccine. I consider it a great honor, 
therefore, to be asked to address you on this contested subject. 


ARTIFICIAL IMMUNIZATION AGAINST TUBERCULOSIS 


The fact that most persons who become infected with tubercle 
bacilli survive the infection without manifesting other signs than a 
positive tuberculin reaction proves that man is endowed with a high 
capacity for acquiring resistance against tubercle bacilli. This fact 
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incited early investigators to do for tuberculosis what Jenner did for 
smallpox and Pasteur for anthrax, namely to produce a vaccine which 
might ward off tuberculous disease.® It soon became apparent, how- 
ever, that such a vaccine must stimulate the production of a primary 
tuberculous complex as well as a positive tuberculin reaction in order 
to enhance the native resistance in animals and man to virulent tubercle 
bacilli,?° 

The attempts to imitate the real disease without producing pro- 
gressive tuberculosis are legion and include injections with only a few 
virulent bacilli, which proved to be a highly dangerous procedure" or 
with killed tubercle bacilli which produced a wholly inadequate resist- 
ance against a virulent infection.’* The only successful attempt is BCG 
vaccine. This consists of living bovine tubercle bacilli which lost their 
original virulence by being cultured on glycerine-bile potato medium 
during more than 200 bi-weekly passages. The laboratory manipulation 
was started in 1906 by the late Albert Calmette, and his veterinary 
assistant, Camille Guérin.” After 15 years of solidly founded immuniza- 
tion studies in laboratory animals and in cattle, Calmette’* declared that 
BCG had become completely attenuated in its virulence. He also proved 
that BCG induced in the animal tuberculous tissue which was indis- 
tinguishable from that of the real disease and that the vaccinated animals 
became tuberculin positive as well as highly resistant against virulent 
tubercle bacilli. Calmette was careful, however, to call attention to the 
fact that this immunity was of a special type which should not be con- 
fused with the more absolute immunity induced, for example, by an 
attack of typhoid fever or smallpox. Nevertheless, Calmette maintained 
that BCG produced enough resistance to overcome a light infection 
with virulent tubercle bacilli and that if the latter could be superim- 
posed on BCG vaccination, preferably during the first few months 
after vaccination, then the relative BCG immunity would be converted 
into an absolute immunity.” 

It is most regrettable that the magnificent experimental BCG studies 
of Calmette and his associates, which were carried on in controlled 
series on animals and cattle, were not continued on the same high 
level following 1921 when Calmette permitted BCG vaccination of 
newborn infants.’® Calmette argued, however, that his clear-cut results 
with animal immunization warranted an uncontrolled mass vaccination 
program in France on all newborn infants. In order to make this anti- 





BCG and the Newer Epidemiology of Tuberculosis 41 5 








tuberculosis scheme a success, Calmette advocated the oral administra- 
tion of BCG." When this method failed to produce a tuberculin posi- 
tive reaction in the majority of vaccinated infants, Calmette argued 
that allergy was not an essential attribute to immunity.’* By the end of 
1928, in France alone, 116,180 infants had been vaccinated with BCG” 
and by 1930, the number had risen to 210,000.”° 

When Calmette presented statistics to prove that the BCG vaccine 
actually produced a high degree of protection against tuberculosis in 
infants intimately exposed to infection, shrewd statisticians in England*" 
and on the European continent*’ discovered with dismay that the evi- 
dence was based on a comparison of the tuberculosis death rate among 
vaccinated infants between the ages of one month—to allow for the 
development of immunity in those vaccinated at birth—and four years, 
and among nonvaccinated infants in the general population. In some 
analyses, the simpler figure of deaths from all causes among vaccinated 
infants as compared with that for the entire population was employed. 

The most serious criticism, however, arose from the discovery that 
many of the vaccinated infants had not been followed up and that au- 
topsies had not been performed on individuals whose deaths were 
ascribed to nontuberculous diseases.2* Then followed the unfortunate 
Liibeck tragedy in 1930 which unjustifiably was ascribed to BCG. In 
reality it was caused by the substitution in Liibeck of a strain of virulent 
human tubercle bacillus for BCG.** 

It is needless to discuss any further Calmette’s sins of omission. They 
have been critically and scholarly reviewed in K. Neville Irvine’s book, 
The B.C.G. Vaccine,* and by G. Gregory Kayne’s” scrutinizing 
analysis of the scientific and practical aspects of BCG vaccination up 
to 1936. 

The present position of BCG is succinctly and critically set forth 
by Professor W. H. Tytler** in a “Memorandum on B.C.G.” which 
was prepared in the fall of 1946 for a Joint Committee of the British 
Tuberculosis Association, the Joint British Tuberculosis Council and 
the British National Association for the Prevention of Tuberculosis, for 
the consideration of the Minister of Health and the Secretary of State 
for Scotland. Briefly, these deputations “believe: — 


(a) That the harmlessness of B.C.G. is established beyond doubt by practical 
use on a scale exceeded only by a few proved methods of immunization, such 
as those for smallpox, diphtheria, and the enteric infections. 
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(b) That a very considerable degree of immunizing efficiency is indicated by the 
most reliable results from other countries, particularly those from Norway 
and Sweden. 

(c) That there exists in the Tuberculosis Services of Great Britain, and among 
the medical profession generally, an active and widespread desire that a 
reliable supply of B.C.G. vaccine should be available here, as it has been for 
years in most other countries of the world. 

(d) That the application by “multiple puncture” or by “scarification,” judged 
by results so far published, promises to remove one of the most serious 
obstacles to the general use of B.C.G., the occurrence of abscesses at the site 
of injection.” 

I have since been informed by English colleagues that their govern- 
ment has acted favorably on this request and that a national BCG Labo- 
ratory is already under construction near London. 

On September 7, 1946, a conference on BCG vaccination was held 
in the offices of the Tuberculosis Control Division of the United States 
Public Health Service in Washington, D. C., which was attended by 
outstanding leaders in tuberculosis in the United States, China and Den- 
mark. This conference recommended that investigations be continued 
during 1947 on certain population groups in the United States (Colum- 
bus, Georgia) in order to determine the effectiveness of BCG in the 
control of tuberculosis. This work is already in progress.** 

The greatly extended tuberculosis control program in New York 
State includes the establishment of a laboratory for the preparation and 
study of the BCG vaccine and of a BCG Advisory Committee com- 
posed of members from the Division of Tuberculosis Control and the 
Division of Laboratories and Research, in coéperation with The Med- 
ical Society of the State of New York. Following several discussions of 
the scientific and practical aspects of BCG vaccination, the BCG Ad- 
visory Committee unanimously approved of the official BCG Vaccina- 
tion Program for the State of New York.”® The opening paragraph of 
this significant document reads: 

“At the present time, BCG vaccination is the only known practical method 
of reducing morbidity and mortality from tuberculosis. There is general agree- 
ment on two points: (a) it is safe; (b) it serves to convert nonreactors to tuber- 
culin to reactors through infection with avirulent and benign bovine tubercle 
bacilli. There is sufficient evidence of the effectiveness of BCG to warrant its use 
in selected population groups in which the infection rate is high. Persons in such 
groups might otherwise be infected with virulent organisms. BCG vaccine is not 
to be administered indiscriminately, because it can be of benefit only to those 


persons who have NOT been infected by the tubercle bacillus. It must be empha- 
sized that BCG vaccine has NO value in the treatment of tuberculous disease.” 


The BCG Vaccination Program is already in progress throughout 
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New York State. During 1947 more than 1,500 tuberculin negative 
nurses, medical students, hospital and sanatoria employees have been 
vaccinated with BCG by the multiple puncture method.*® This program 
will gradually be extended to mental hospitals and population groups 
with high tuberculosis morbidity and mortality rates, such as the 
Negroes and the Indians. 

The main contributory factors to this official recognition of BCG 
vaccination in the United States Public Health Service and in the New 
York State Department of Health and The Medical Society of the 
State of New York must be sought in the considerable BCG vaccination 
material which has accumulated in the Scandinavian countries and which 
because of World War II has but recently become available in the 
English medical literature. This material implies that BCG vaccination 
is a logical step in view of the new epidemiological situation which has 
arisen by postponement of primary tuberculous infection from child- 
hood to early adult age when such infection tends to produce a severer 
type of caseo-pneumonic tuberculosis which rapidly progresses within a 
few months to advanced pulmonary tuberculosis, without any evidence 
that the latter is due to a new exogenous reinfection. In the following 
I shall draw heavily upon these newer aspects of the epidemiology of 
tuberculosis. 


TUBERCULIN SURVEYS AND PRIMARY TUBERCULOUS INFECTION 


The first response to infection with virulent tubercle bacilli depends 
on the native resistance of the host and the virulence and number of 
invading microérganisms. In the presence of a high native resistance, 
the only manifestation of primary infection with tubercle bacilli may 
be a positive tuberculin reaction. If the reverse is true, the pathological 
response may vary from a mild influenza-like attack of fever, cough 
and expectoration to a rapidly progressive and generalized disease which 
may terminate fatally. Fortunately most infected persons experience a 
silent primary tuberculous infection which is diagnosed if at all by a 
positive tuberculin reaction. The importance of the tuberculin test in 
epidemiological surveys is now universally recognized as a potent 
weapon in the control of tuberculosis. Its employment in mass exami- 
nations has already yielded some new and useful information. 

The rapid decline in tuberculosis mortality that we have observed 
during the last forty years in the United States is also reflected in a 
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rapid decline in the incidence of infection with tubercle bacilli and in 
the age-distribution of such infection. The old view that most persons 
passing out of childhood have already been infected as indicated by a 
positive tuberculin reaction, is no longer tenable. Today it is not unusual 
to discover by tuberculin surveys that almost the entire rural and large 
portions of the urban populations under 15 years of age are tuberculin 
negative reactors. The most significant declines are usually observed in 
communities where intensive tuberculosis control measures have been 
carried out.*" 

The question which has naturally arisen is the fate which awaits 
tuberculin negative young adults who have forfeited the chance to ac- 
quire specific resistance against tubercle bacilli by means of a mild 
childhood infection, when such persons become exposed to massive 
tuberculous infection later in life. Experience with native races has 
clearly shown that such tuberculin negative adults are by no means 
bound to develop serious tuberculosis as a result of a sudden exposure 
to infection. When in good physical condition, the majority may escape 
manifest tuberculosis. But under unusual stress, such intimate and pro- 
longed exposure may lead to serious disease which may terminate fatally. 

This point became subject to a ten-year tuberculin survey of school- 
children passing out of the eighth grade and until they reached adult 
life. Ingebrigtsen** tuberculin tested all the eighth graders in the Nor- 
wegian fishing town Stavanger, with a population of 46,000. The aver- 
age age was 14% years and 20 per cent reacted positively with 0.5 mg. 
tuberculin injected intracutaneously. Tuberculosis mortality records for 
Stavanger proved that only 2 per cent of all deaths from the disease 
occurred during the school age from 7 to 15 years. Ten years later, the 
same group of now 25-year-old individuals, were retested with the 
same dose of tuberculin and 73 per cent were tuberculin positive reac- 
tors. Twenty per cent of all deaths from tuberculosis in their town 
occurred during the decade between 15 and 25 years of age. Inge- 
brigtsen concludes from this study that “most young people leave school 
nowadays without that significant specific resistance against tubercle 
bacilli which tuberculin positive reactors possess. The tragic fate that 
awaits them during the first decade after they leave school makes it im- 
perative that BCG vaccination should be made available to all tuberculin 
negative reactors in order to enable them to ward off successfully an 
attack of virulent tubercle bacilli.” 
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Lack or CHILpHOop Bovine INFECTION COMPENSATED BY BCG 


Denmark’s “grand old man” in medicine, Professor Thorvald Mad- 
sen** has recently contributed an important chapter to the epidemiology 
of tuberculosis. He has compared the fate of young people on the 
island of Bornholm, where bovine tuberculosis has been eradicated for 
more than twenty years and human tuberculosis among the 46,000 in- 
habitants is nearly eliminated, with a similar group in the town of 
Haderslev on the mainland where 75 per cent of the population is in- 
fected with bovine tubercle bacilli. He finds that no great difference in 
tuberculosis mortality or new cases existed in the two districts. But 
in Bornholm only 7 per cent were tuberculin positive reactors at the 
age of 7 and 15 per cent at the age of 14 years. In Haderslev, on the 
other hand, the figures were 45 and 75 per cent, respectively. But in 
spite of the heavy infection rate in Haderslev, deaths from tuberculosis 
were not more numerous there than in Bornholm. It was apparent, there- 
fore, that by pooling the milk from many dairies in Haderslev before 
the milk was delivered for consumption, a general mild infection with 
bovine tubercle bacilli took place which failed to develop into manifest 
and clinical tuberculosis. Yet it was sufficient to produce tuberculin 
allergy in 75 per cent of the population at the age of 14 years and a 
considerable immunity against subsequent severe attacks of tuberculosis, 
for it was shown that persons who drank milk from a single and highly 
infected cow, became severely ill and often died from tuberculosis. 
Because there is not enough active tuberculosis in Bornholm, where 
every person is tuberculin tested and chest x-rayed and all known cases 
of the disease are isolated in hospitals, the incidence of tuberculin nega- 
tive reactors is increasing and there are ten times more cases of tuber- 
culous disease needing hospital treatment than in bovine tuberculosis 
infested Haderslev. One may ponder whether eradication of bovine 
tuberculosis is in the best interest of man! 

A most important observation has been made in Bornholm, however: 
that the primary tuberculous complex produced in tuberculin negative 
reactors by means of BCG vaccination, is sufficient to protect against 
the progression of a subsequently superimposed virulent infection. For 
“it was discovered,” Madsen writes, “that the first cases of tuberculous. 
disease occur only rarely amongst individuals with positive reaction to 
tuberculin, and only when these persons are submitted to a very strong 
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infection. The victims are nearly always those with a negative (tuber- 
culin) reaction.” 

“Under these circumstances,” Madsen continues, “the young persons 
having a negative (tuberculin) reaction have become more and more 
numerous; in a great number of country schools all the children react 
negatively. This state of affairs is perfect as long as these persons remain 
on their island, where the possibilities of infection are becoming con- 
stantly less. If they leave the island, however, to go to Copenhagen or 
elsewhere . . . where they are exposed to tuberculous contagion, these 
persons with negative (tuberculin) reaction often contract serious, even 
fatal tuberculosis. This has been observed amongst young men called up 
for military service and young girls taking up work as domestic ser- 
vants, etc. For this reason, Calmette’s (BCG) vaccination has begun to 
be carried out on a large scale. It is not only carried out on persons hav- 
ing a negative (tuberculin) reaction before they leave the island but 
has gradually been generalized in all the schools for children and ado- 
lescents, in the day-nurseries, barracks, police force, etc. and the results 
have been excellent,’ Madsen concludes. 


Late Primary TUBERCULOsIs AND BCG VaccINATION 


The distinguished Danish tuberculosis expert, Johannes Holm,** 
has recently presented a critical analysis of BCG vaccination in Den- 
mark, which should be scrutinized for first-hand information on a 
nation-wide BCG program. He mentions an epidemic of primary tuber- 
culosis in a school for girls between 12 and 19 years of age. A group of 
133 tuberculin negative pupils had been vaccinated with BCG and had 
become tuberculin positive reactors, but 105 tuberculin negative pupils 
in the school had not been vaccinated. An‘influenza-like epidemic among 
the pupils in the classes of a woman teacher who suffered with pul- 
monary tuberculosis occurred in this group. Among the 105 nonvac- 
cinated tuberculin negative pupils, 40 per cent presented chest x-ray 
changes; 35 per cent had tubercle bacilli in their sputum or gastric 
washings, and 6.5 per cent developed pulmonary tuberculosis. Among 
the 133 BCG vaccinated pupils, no chest x-ray changes were observed, 
ie. no primary tuberculosis, and only 1.5 per cent developed pulmonary 
tuberculosis, in contrast with 3.1 per cent pulmonary tuberculosis 
among 130 originally tuberculin positive pupils on entry. “All told,” 
Holm concludes, “it seems safe to state that BCG vaccination gives an 
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almost complete protection against the morbid conditions accompany- 
ing the tuberculous primary infection and also a considerable degree of 
protection against genuine pulmonary tuberculosis. This protection, 
however, is not absolute, since in every fairly large group, there will be 
a few instances of pulmonary tuberculosis among the BCG vaccinated 
subjects.” 

One cannot discuss tuberculosis control of late primary tuberculosis 
with BCG vaccination without pausing in reverence before the classical 
observations made on the subject by Ju..aines Heimbeck,* called “The 
Father of BCG Vaccination in Norway.” Before he actually embarked 
on BCG vaccination of nurses at the Ullevaal Communal Hospital in 
Oslo some twenty years ago, Heimbeck made the startling observation 
that the victims of tuberculosis among student nurses working on tuber- 
culosis wards are nearly always the tuberculin negative reactors. Thus 
he found that among 280 negative reactors on entry, 22.4 per cent 
developed tuberculosis and 3.6 per cent died from the disease in contrast 
to only 0.9 per cent disease and no deaths during the same observation 
period of 625 who were tuberculin positive reactors on entry. 

The second phase of Heimbeck’s studies was inspired by a desire to 
mitigate the high incidence of tuberculous disease among tuberculin 
negative student nurses. Thus he was the first physician in Norway to 
suggest the use of BCG vaccination in tuberculin negative reactors who 
were compelled in line of duty to work in a tuberculous environment. 
The immunization work was carried out on a voluntary basis and thus 
a control series became available of those who refused vaccination with 
BCG. From the very start, he made use of the injection method against 
the advice of Calmette that the oral method was adequate. This was im- 
perative for Heimbeck’s purpose to render the tuberculin negative stu- 
dent nurses positive reactors as soon as possible by means of BCG. The 
oral administration of BCG fails to do so in the majority of cases.*® 
When the vaccinated student nurses had been converted to positive 
reactors they were admitted to the hospital wards together with the 
nonvaccinated tuberculin negative reactors and the naturally positive 
reactors. After the customary 3 years’ training, Heimbeck observed 
among 287 successfully vaccinated student nurses 2.6 per cent tubercu- 
losis and 0.2 per cent deaths from the disease in contrast with 17.6 per 
cent tuberculosis and 1.8 per cent deaths among 107 nonvaccinated and 
tuberculin negative nurses on entry. 
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Heimbeck*’ now has records of 1,453 student nurses. The tubercu- 
losis morbidity rate per 1000 observation years is 12.4 for originally 
positive reactors, 24.1 for BCG vaccinated nurses and 141.2 for non- 
vaccinated negative reactors on entry. Heimbeck subscribes to Holm’s™ 
conclusion that BCG vaccination protects almost completely against 
primary tuberculosis and that the incidence of clinical pulmonary tuber- 
culosis is significantly reduced. 

The late Olaf Scheel** obtained similar results in medical students at 
the University at Oslo, but with rather less marked differences. Malmros 
and Hedvall** experienced the same striking differences among the vac- 
cinated and nonvaccinated medical students at the University at Lund 
in Sweden. 

Ferguson’s*® more recent study in Canada also confirms Heimbeck’s 
statistical evidence on the protection of nurses with BCG. He extended 
vaccination to other hospital employees. In eight Saskatchewan hospitals 
and three tuberculosis sanatoria, 1,005 nurses and 470 employees nega- 
tive to tuberculin were vaccinated intracutaneously with BCG. The 
results were compared with 759 tuberculin negative and nonvaccinated 
nurses and 274 employees. After an exposure of both groups to open 
tuberculosis for an average of two and one-half years, Ferguson found 
that vaccination with BCG reduced tuberculosis by from 76 to 80 per 
cent or to approximately the same low level as among the originally 
tuberculin positive reactors. He also noted that the tuberculous disease 
which developed among the BCG vaccinated nurses and hospital em- 
ployees was of a more benign type than that seen in the nonvaccinated 
persons of whom four-fifths required hospital treatment while only two- 
thirds of the vaccinated persons required such care. One death from 
tuberculosis occurred in the nonvaccinated group and none in the vac- 
cinated group. These results must have impressed Ferguson greatly for 
he states that “the serious situation that had been developing with regard 
to excessive incidence of tuberculosis among nurses and sanatoria em- 
ployees who did not react to tuberculin on entering the environment, 
during the period 1930 to 1938, has not been present since vaccination 
of negative reactors was begun in September, 1938. The nursing schools 
and the League in Saskatchewan no longer have anxiety and worry 
with regard to excessive tuberculosis developing among their negatively 
reacting staff.” 

Four outstanding contributions to vaccination with BCG in the 
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United States have confirmed the impression abroad that BCG is an 
important measure for the prevention of tuberculosis in newborn in- 
fants and in early adult life. Rosenthal, Blahd and Leslie** have carried 
out a ten years’ BCG vaccination program in newborn infants at the 
Cook County Hospital in Chicago. Their study comprises 2,831 infants, 
of which 1,414 were vaccinated by the multiple puncture method four 
to six days after birth. A similar group of 1,417 infants served as non- 
vaccinated controls. The observation period varied from 3 months to 9 
years. Both groups are comparable for age and race distribution. Al- 
though all the children came from homes free from tuberculosis, as 
proved by chest x-ray films of all family members, all subjects lived in 
areas in Chicago that have high tuberculosis mortality rates (100 to 300 
per 100,000 population). The children were followed up more or less 
regularly at semi-annual intervals with physical examination, tuberculin 
tests and chest x-ray films. Among 1,204 vaccinated children with no 
history of definite tuberculous exposure, 3 cases of tuberculosis with 1 
death occurred in contrast to 23 cases of tuberculosis with 4 deaths 
among 1,213 nonvaccinated controls of the same category. However, 
among 98 vaccinated children with a definite history of exposure, 1 case 
of tuberculosis and no deaths occurred whereas among’ 63 similarly ex- 
posed nonvaccinated controls, 4 cases of tuberculosis with 3 deaths 
occurred. Rosenthal concluded from this extensive study that “during 
the first seven years of life, BCG vaccination is of definite value in the 
prevention of tuberculosis.” 

Some 13,000 chest x-ray films accumulated during Rosenthal’s inves- 
tigation. Recently these roentgenograms have been examined by Neiman 
and Loewinsohn*® for hilum densities, enlargements and outlines. Any 
evidence of abnormalities was followed up with frequent serial films in 
order to determine the nature of the lesions. Parenchymal densities were 
likewise re-examined. Only parenchymal densities which persisted for a 
period of months were included in the final analysis, and calcification 
was diagnosed only by characteristic formation, outline and refractility. 
From this laborious analysis to assess the value of BCG as a preventive 
for primary tuberculosis, these authors concluded that “children vacci- 
nated with BCG tend to show less primary tuberculosis as determined 
by roentgenographic examination than nonvaccinated children,” the 
rate being 2.46 in the former and 6.92 in the latter, a difference which 
has absolute statistical significance (X* = 14.2825; P = 0.0002). 
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The demonstration that BCG actually inhibits primary tuberculosis 
in infants and children confirms a similar study by Kereszturi, Park 
and Logie** in 1935 of 2,900 chest roentgenograms taken of 417 BCG 
vaccinated and 564 nonvaccinated control intants in tuberculous fam- 
ilies in New York City. These roentgenograms revealed that 4 per cent 
of the vaccinated children that had become tuberculin positive later 
developed pulmonary lesions detectable by x-ray, but none developed 
lesions of the primary complex type, and only one developed calcifica- 
tion of a peribronchial lymph node. Among the nonvaccinated controls, 
however, 17 developed an unmistakable roentgenological primary com- 
plex of which 13 were calcified, and 9 others developed calcified lesions 
of the bronchial lymph nodes. These carefully controlled and followed 
up long term studies confirm and re-affirm what has been stated re- 
peatedly in this address, namely that vaccination with BCG inhibits 
primary tuberculosis in a manner analogous with the specific resistance 
induced by a spontaneous and clinically silent infection with virulent 
tubercle bacilli. Apparently it does more, since the incidence of clinical 
pulmonary tuberculosis is also significantly reduced by means of BCG 
vaccination. 

This becomes quite evident in Aronson and Palmer’s* six years’ 
experience with BCG vaccination among North American Indians. This 
important analysis from a heavily infected milieu comprises 3,007 
Indian persons ranging in age from one to twenty years inclusive. Of 
these, 1,550 were injected with o.1 or 0.15 mg. BCG while an identical 
group of 1,457 were injected with o.1 ml. of sterile physiological saline 
solution in an apparent attempt to confuse any psychological influence 
which might prove prejudicial in favor of vaccination. No change was 
attempted throughout the study in the living conditions of the persons 
under investigation, including exposure to tuberculosis. With relatively 
few exceptions, an initial chest x-ray film was taken and this was re- 
peated annually for six years together with tuberculin tests. Revaccina- 
tions are not mentioned and some lots of vaccine seemed less suitable 
than others and may have influenced the immunity response. Tests of 
the vaccinated and control groups as to age, amount of exposure to 
tuberculosis, and completeness of the follow-up examinations indicate 
that the two groups are as comparable as humanly possible in these 
respects. 

During the six-year period of this study, 68 deaths from all causes 
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occurred in the nonvaccinated controls as compared to 34 in the vac- 
cinated group. Twenty-eight deaths from tuberculosis were definitely 
proved in the controls and only 4 such deaths among the vaccinated. 
Including those that died from tuberculosis, 48 cases were classified as 
having extrapulmonary tuberculosis or advanced pulmonary lesions in 
the control group and only g in the vaccinated group. There were 20 
cases in the control group showing minimal chest x-ray lesions and only 
8 among the vaccinated. The corresponding figures for cases showing 
enlarged hilar glands were 99 and 19, respectively, and for pleural effu- 
sion 18 and 4, respectively. When the total incidence of cases of all types 
and deaths were tabulated, there were 185 among the nonvaccinated 
controls and only 40 among the vaccinated persons. In terms of cases per 
1,000 person-years, the rates were 24.3 and 4.7, respectively. 
Encouraged by the marked protection induced by BCG vaccination 
against the development of primary tuberculosis as well as clinical pul- 
monary tuberculosis as measured both by mortality and morbidity rates 
in the nonvaccinated and vaccinated groups, the United States Bureau 
of Indian Affairs plans to use BCG vaccine as a routine procedure in 
the Indian Service, at least in the areas of high infection. Aronson* 
stated in a recent popular article that “under the program, all babies born 
in the Service’s hospitals will be vaccinated within a few days, and later, 
children will be tuberculin tested in school. It is hoped that this proce- 
dure, along with health education and sanatorium treatment, will cause 
the disease to be reduced rapidly.” Aronson holds that “the choice of 
_ Indian reservations for the determination of the effectiveness of the 
BCG vaccine was a fortunate one, for the Indians represent a relatively 
homogenous racial group; their habitation, whether tent, tepee, hogan, 
wickiup or house is overcrowded, sleeping facilities are inadequate and 
the density of population per bed or pallet is high. Food, clothing and 
heating facilities are inadequate and irregular.” 


Re-OrIENTATION Towarp BCG VaccINATION 


It is only in recent years that BCG vaccination has assumed increased 
importance for the adult population which has escaped a primary infec- 
tion with tubercle bacilli in childhood. Extensive clinical, roentgenologi- 
cal and histopathological investigations have been carried out especially 
in Sweden and Norway by Malmros and Hedvall,** Frostad,** and Hed- 
vall,*® which show that primary tuberculosis is becoming usual in adults 
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and that clinical pulmonary tuberculosis arises to a great extent as a 
consequence of this. Frostad’s conclusion that “the destructive form of 
the pulmonary tuberculosis appears in most cases in close relation to the 
primary infection, generally less than 12 months afterwards,” is partly 
shared by Hedvall** and Malmros.*® The former writes that “in places 
where the disease is still to a great extent severe the tuberculosis can, 
shortly after the primary infection (even after one or two months) 
begin to develop from the primary focus itself or its immediate sur- 
roundings. The lung lesions are then of the nature of an infiltrate and 
show no definite apical localization. The continued development is often 
characterized by a tuberculous pneumonia undergoing liquefaction.” 
And Hedvall continues that “in places where the course of the tuber- 
culosis is milder, the first lesions are as a rule characterized by initial foci 
with a definite preference for the uppermost part of the lung. The in- 
vestigations of Frostad and Malmros-Hedvall, which include material 
from places with tuberculosis of varying severity, are not therefore con- 
flicting. On the contrary, they supplement each other in a fortunate 
way. Frostad’s cases represent the acute development, those of Malmros- 
Hedvall the subchronic or chronic development after a primary infec- 
tion.” But the general impression prevails in Scandinavia that progressive 
pulmonary tuberculosis develops in close conjunction with primary in- 
fection. This view has influenced the policy toward BCG vaccination 
in Denmark, Norway and Sweden since all of the controlled investiga- 
tions to date have proved that the first victims of tuberculosis are invari- 
ably tuberculin negative reactors. The seriousness with which this view 
is embraced is best illustrated by the fact that nowadays no tuberculin 
negative student nurse or medical student is admitted to nursing schools 
and medical faculties in Scandinavia unless they are willing to become 
vaccinated with BCG. Vaccination became extremely popular in 
Scandinavia during the World War II and has since become extended 
in Denmark and Sweden to all tuberculin negative reactors over 14 years 
of age on a voluntary basis and since December 8, 1947, BCG vaccina- 
tion has become obligatory in Norway for all negative reactors under 
50 years of age. 

With the notable exception of the United States Public Health 
Service and the New York State Department of Health, it is indeed re- 
grettable that the efficacy of BCG vaccination is still a matter of dispute 
among authoritative tuberculosis experts in the United States and that 
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the National Tuberculosis Association still is aloof to any official recog- 
nition of the value of the vaccine. This intransigeant attitude is perhaps 
in the process of being changed now that the World Health Or- 
ganization in the United Nations is recommending extensive use of the 
BCG vaccine and is already dispatching numerous BCG teams to the 
war-stricken European countries.” The erudite editor of The American 
Review of Tuberculosis, Max Pinner, wrote in the October issue of the 
official journal of the American Trudeau Society” as follows: 


“As is so clearly stated in Doctor Malmros’(”) paper, BCG vaccination is the 
logical consequence of the epidemiological situation in Scandinavia. If it should 
prove to be true for the United States that a large proportion of progressive 
tuberculosis in adults develops independently of a second exogenous infection, our 
present strategy of antituberculosis work would need fundamental reforms.” 


CoNCLUSIONS 


Experimental studies and clinical experience prove that a spontane- 
ous primary infection with tubercle bacilli which renders the organism 
hypersensitive to tuberculin confers an incomplete but relatively sig- 
nificant resistance against a subsequent tuberculous infection, and that 


the first victims of tuberculous disease are tuberculin-negative individu- 
als who have escaped a spontaneous and non-progressive primary tuber- 
culous infection. 

A direct result of the modern trend to defer the primary tuberculous 
infection from childhood to adult life is an increasing susceptibility 
among tuberculin-negative individuals of early adult age to contract a 
serious clinical tuberculosis when they are intimately exposed to infec- 
tion with tubercle bacilli. 

This modern trend in the epidemiology of tuberculosis has brought 
about a reorientation toward the use of artificial immunization against 
tuberculosis by means of killed or attenuated living tubercle bacilli. 
So far, only the avirulent and living BCG ( Bacille Calmette-Guérin) 
vaccine has produced regularly hypersensitiveness to tuberculin and a 
significant protection against tuberculosis in millions of people over 
more than twenty years. 

There exists a lamentable lack of unassailable statistical proof of the 
effectiveness of BCG under rigidly controlled conditions in man, al- 
though such evidence is highly suggestive in animal experimentation. 
Nevertheless, universal unanimity obtains as to its harmlessness and 
near unanimity in regard to its almost complete protection against the 
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clinical manifestations of post-primary tuberculosis in children and an 
incomplete but highly significant protection against clinical pulmonary 
tuberculosis in adults. 

BCG vaccine should be recommended for extensive use in the 
United States in tuberculin negative reactors in groups occupationally 
exposed to tuberculous infection and in population groups with high 
tuberculosis mortality and morbidity, and where there has been a known 
exposure to tuberculosis or where an exposure is likely to occur. 
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PRIMARY ATYPICAL PNEUMONIA 
AND INFLUENZA* 


DIAGNOSIS PREVENTION, TREATMENT 


Frank L. Horsratt, Jr. 


The Hospital of The Rockefeller Institute for Medical Research, New York 


INTRODUCTION 


“9 discuss adequately the diagnosis, prevention and treat- 

ment of both primary atypical pneumonia and influenza 

T in a period of one hour is not an easy task. The under- 

taking is difficult chiefly because of the defects in present 

mesesesesesess knowledge concerning these two different conditions. 

It is true in general that the less certain is knowledge of a disease the 

more time is needed to discuss critically such information as exists con- 
cerning it. 

With respect to the establishment of a diagnosis in either of these two 
illnesses present evidence indicates that specific laboratory procedures 
are available which permit of a definite diagnosis of influenza; no similar 
procedures have been developed as yet for primary atypical pneumonia 
and consequently a considerable body of clinical, x-ray and laboratory 
evidence is needed before a relatively secure diagnosis can be made. 
Concerning the prevention of either of these two maladies the available 
evidence indicates that means have been devised which make it possible 
to induce relative immunity against influenza for a period of a few 
months; no similar procedure is available as yet for primary atypical 
pneumonia. Regarding the treatment of either of these two ailments 
existing evidence indicates that the symptoms of both can, to a con- 
siderable degree, be relieved by the use of various well known and 
well tried procedures; there is as yet no specific therapeutic agent which 
will significantly alter the course of either condition. 


DEFINITION OF TERMS 


At the outset it seems desirable that an attempt be made to define, 
and delimit for the purpose of this lecture, the terms primary atypical 


* Delivered December 5, 1947, in the Twenty-Second Series of the Friday Afternoon Lectures, The 
New York Academy of Medicine. 
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pneumonia and influenza. Primary atypical pneumonia’ is the designa- 
tion which will be used in referring to a fairly definite clinical syndrome 
the chief manifestations of which are the result of infection of the 
respiratory tract. Pulmonary consolidation in varying degree character- 
istically develops. The condition is thought to be an infectious disease 
but is not yet attributable to recognized infectious agents, either micro- 
bial or viral, of definitely established pathogenicity for man. It occurs 
more frequently than any other form of pneumonia but usually is not 
a serious illness and is only rarely fatal. 

Influenza is the designation which will be used in referring to a 
group of specific infectious diseases of established viral etiology. The 
illness is characterized by symptoms which are predominantly consti- 
tutional, although the infectious process is strictly limited to the respira- 
tory tract. Except in rare instances, pulmonary consolidation does not 
develop. It tends to occur in epidemic form and there are two specific 
and distinct etiological types which now are recognized. One, termed 
influenza A, is caused by infection with influenza A virus; the other, 
termed influenza B, is caused by infection with influenza B virus.’ In this 
discussion no attempt will be made to consider other clinical entities 
which closely resemble influenza but apparently are different from it as, 
for example, so-called sporadic grippe or endemic influenza and other 
undifferentiated acute respiratory diseases. 


DIAGNOSIS 


During the past ten years there have been unusual opportunities 
to study a considerable number of patients with primary atypical 
pneumonia** and an even larger number with influenza."” An attempt 
has been made to analyze the frequency with which various symptoms 
and abnormal physical signs occur in patients with these two different 
illnesses. It was hoped that it might be possible to arrive at means 
whereby the two conditions could be clearly differentiated from each 
other on the basis of their clinical manifestations alone. As will be 
seen this is not always an easy differentiation. Throughout this dis- 
cussion data relative to atypical pneumonia and influenza will be pre- 
sented in juxtaposition so that a direct comparison may be made be- 
tween them. 

In Table I is shown the percentage incidence of each of the various 
symptoms encountered in 50 per cent or more of patients with either 
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Primary atypical 
Symptom pneumonia* Influenza** 





Per cent Per cent 
PIII isis. cscncsssainctdoseakcutndiencimasoasiten 58 


Chills or chilliness 59 52 
Malaise ...... 61 45 
Cough  ....... 98 70 
i SE NET 30 
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PHYSICAL SIGNS PRESENT IN 50 PER CENT OR MORE OF PATIENTS 








Primary atypical 
Physical sign pneumonia* Influenza** 





Per cent Per cent 
Increased temperature ..W.... 95 99 


Nasal congestion 57 73 





Pharyngitis, mild 69 96 





Pulmonary signs (indefinite)... 99 64 
Dullness (slight) —.__....... 54 13 
Altered breath sounds 000000... 70 13 
Rales (fine) ves 93 50 





Bradycardia, relative 000... 68 30 








ad 


* Reference 6 ** References 7 and 10 


atypical pneumonia’ or influenza.”® It will be noted that there are only 
five such symptoms and that three of these, i.e., headache, chills or 
chilliness, and malaise, occur with approximately similar frequencies in 
both illnesses. Cough, however, is much more common in atypical 
pneumonia than in influenza. Cough is almost invariably present in 
atypical pneumonia; in the absence of this symptom the diagnosis 
should be questioned.** In atypical pneumonia cough is usually a 
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severe symptom and most patients state that it causes more discomfort 
than any other symptom, Although cough occurs commonly in influ- 
enza, it is seldom distressing and usually is not very striking. The pro- 
duction of sputum also is much more common in atypical pneumonia 
than in influenza. Most patients with the former condition produce 
considerable quantities of mucoid or mucopurulent sputum; in influenza 
the amount of sputum is scanty. It appears that on the basis solely of 
the symptoms which are present in the majority of patients with either 
illness, only the frequency of a harassing cough and the production of 
sputum are helpful in differentiating atypical pneumonia from influenza. 

In Table II the percentage incidence of various abnormal physical 
signs present in 50 per cent or more of patients with either of the two 
conditions is shown.® * 7° It will be seen that there are only seven such 
physical signs. In both illnesses fever is almost invariably present. Nasal 
congestion is common in both, although slightly more so in influenza. 
Mild pharyngitis is almost always present in influenza but also occurs 
in at least two-thirds of patients with atypical pneumonia. If very 
careful physical examination of the chest is carried out, somewhat 
abnormal physical signs are found in nearly every patient with atypical 
pneumonia, and certain abnormal signs are present in almost two-thirds 
of patients with influenza. The most common finding in either malady 
is fine moist rales. They are present in nearly every patient with 
atypical pneumonia and are present, although considerably less definite, 
in about one-half of patients with influenza. Altered breath sounds, 
usually rough or harsh, are heard in over two-thirds of patients with 
atypical pneumonia but only in about one patient in ten with influenza. 
Slight dullness is elicited in over 50 per cent of patients with atypical 
pneumonia but only in about 13 per cent of patients with influenza. 
A pulse rate slower than would be expected from the temperature is 
commonly present in atypical pneumonia and also occurs in almost 
one-third of patients with influenza. In general, relative bradycardia 
is somewhat more striking in the former condition than in the latter. 
Apparently there are no pathognomonic signs which clearly distin- 
guish between atypical pneumonia and influenza, although the fre- 
quency with which indefinite signs are found over the chest in the 
former condition is considerably greater than in the latter. 

In Table III are presented certain distinguishing features which are 
helpful in differentiating between these two conditions. Atypical pneu- 
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DISTINGUISHING FEATURES 








Primary atypical 
Observation pneumonia* Influenza** 





Season ...... Sie All months Dec. to Mar. 





Occurrence .. Sporadic Epidemic 





Incidence 0.25-1 per cent 5-40 per cent 





umeae Rm: Oni 10-15 days 1-2 days 
Onset .......... assis etal Gradual Abrupt 
Maximum temperature 20cm 3rd-6th day Ist-2nd day 

a ” nitacepeliaiblasiiaamaiageiin 102-104°F. 101-102°F. 
Duration of feverv............. 6-10 days 2-3 days 
Duration of consolidation by X-ray... 8-14 days _ 
Leukocyte count ..... eeneere " Usually normal Usually normal 


Complications 000000... Kiss Rare Rare 











* References 4, 6, 19, 22 ** References 7-11 


monia occurs sporadically during all months of the year. However, 
the incidence is somewhat higher during the winter months than at 
other times. Influenza usually occurs in epidemic form and in this 
latitude seldom develops except during the winter months between 
December and March. The incidence of atypical pneumonia seldom 
exceeds 0.25 to 1 per cent, whereas during epidemics influenza may 
have an incidence ranging from 5 to as high as 4o per cent. The in- 
cubation period of atypical pneumonia ranges between ten and fifteen 
days, whereas in influenza it is only one or two days. There is an 
important difference between the character of the onset in these two 
conditions. In atypical pneumonia symptoms develop gradually and 
become progressively more definite during the first three or four days 
of illness. In influenza the onset is commonly abrupt and the patient 
is most ill on the first and second days of disease. Maximum temperature 
is present in general between the third and sixth days of disease in 
atypical pneumonia but in influenza it is found during the first and 
second days of illness. In the former condition the average maximum 
temperature ranges between 102 and 104° F., whereas in the latter it 
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Taste 1V 
X-RAY FINDINGS IN PRIMARY ATYPICAL PNEUMONIA 








Lobes showing Per cent of 
consolidation patients* 








Either lower lobe... 88.6 
Right middle lobe sein ecatediede seciccaine Se 
Either upper lobe_____... vuttincacinieias Se 
One lower lobe only. -oooeeeonen — 35.8 
Right middie Inbe cal ____$___ 28 





One upper lobe only...... ~ 8.4 

















* Reference 6 


ranges between 1o1 and 102° F. In either illness there may be little 
or much fever. Fever lasts longer in atypical pneumonia than in influ- 
enza; in the first instance it persists from six to ten days on the average; 
in the second, from two to three. The most important distinction be- 
tween the two illnesses is the fact that all patients with atypical pneu- 
monia show x-ray evidence of pulmonary consolidation, whereas in in- 
fluenza such evidence is only very rarely found. In atypical pneumonia 
pulmonary consolidation usually is demonstrable by x-ray throughout a 
period of eight to fourteen days after onset and with the decline in 
fever resolution occurs gradually. In both conditions the leukocyte 
count and pattern is generally within normal limits and complications 
develop only very rarely. 

In Table IV an analysis is shown of the x-ray findings in atypical 
pneumonia.® Consolidation is most common in one or the other of the 
lower lobes; almost 90 per cent of patients will show consolidation in 
one of these areas. The right middle and either of the upper lobes may 
also show consolidation but only in approximately one patient in five. 
In less than 50 per cent of patients does the consolidation remain con- 
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SEROLOGICAL FINDINGS 




















Significant increase Primary atypical 
in titer of pneumonia* Influenza** 
Per cent Per cent 
Cold hemagglutinins 20-80 0 
Agglutinins against streptococcus MG................. 20-80 0 
Antibodies against influenza A or B viruses... 0 70-95 
* References 4, 6, 13 ** References 7, 8, 10, 11, 14 


fined within a single lobe. No fewer than 35 per cent show consolida- 
dation in two lobes and an occasional patient may develop pneumonia 
in three, four or even all five lobes. Although the x-ray picture is 
usually different from that seen in bacterial pneumonias, it is very 
doubtful that a diagnosis of atypical pneumonia can be made on the 
basis of x-ray evidence alone.” 

Serological studies are of great aid in reaching a definite diagnosis 
in the case of either atypical pneumonia or influenza and serve to dis- 
tinguish clearly between them. In Table V is presented the percentage 
frequency with which a significant increase in the titer of certain serum 
components is demonstrable in the two illnesses.* °* *® 1+ 7% 74 In carry- 
ing out serological studies it is very important that two or more serum 
specimens be obtained from the patient. The first serum specimen 
should be taken as early as possible in the illness, preferably before the 
fifth day after onset. If possible, additional serum specimens should be 
taken at weekly intervals thereafter until four weeks from the onset 
have passed. If only a single late serum specimen can be obtained it 
should be taken three weeks after onset. When cold hemagglutination 
tests are to be performed the blood specimen should not be placed in 
the refrigerator but should be allowed to clot at room temperature 
and the serum removed before it is cooled. If this precaution is not 
observed the component responsible for cold hemagglutination may be 
absorbed by the patient’s erythrocytes and removed with the clot; 
false negative tests will result. When both acute phase and convalescent 
sera from each patient are studied, a definite increase in the titer of 
cold hemagglutinins, i.e., agglutinins which react at refrigerator tem- 
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perature with human Group O erythrocytes, is found during conva- 
lescence in 20 to 80 per cent of patients with atypical pneumonia. 
There is a direct correlation between the severity or duration of the 
disease and the frequency with which this reaction is demonstrable.” 
In influenza a definite increase in the titer of cold hemagglutinins does 
not develop. Agglutinins against streptococcus MG, i.e., a single sero- 
logical type of non-hemolytic streptococcus, also develop during 
atypical pneumonia in 20 to 80 per cent of patients.”* In this instance, 
also, there is a direct correlation between the severity of the disease and 
the incidence of the antibody response.® In influenza antibodies against 
this microorganism are not produced. The development of antibodies 
against either influenza A or B viruses is demonstrable in 70 to 95 per 
cent of patients with influenza. Such antibodies do not develop during 
the course of atypical pneumonia.** There is no great difficulty in 
establishing a definite diagnosis when a significant increase in titer is 
demonstrated by the procedures listed. But there is serious difficulty 
in establishing a trustworthy diagnosis in patients with atypical pneu- 
monia who fail to develop either cold hemagglutinins or agglutinins 
against streptococcus MG. Analysis of the available published data 
reveals that approximately 50 per cent of patients with the condition 
fail to show either reaction.* It is this large group of patients with 
atypical pneumonia which requires most careful study if other specific 
infectious diseases are to be excluded. 

Bacteriological studies of the upper respiratory tract are not particu- 
larly helpful in assisting in the diagnosis of either atypical pneumonia 
or influenza. In both conditions the usual bewildering array of microbial 
species is commonly obtained. Rarely in either illness is it possible by 
means of the direct Quellung test to demonstrate the presence of 
typeable pneumococci in secretions from the respiratory tract; in both 
conditions type specific pneumococci can be isolated by mouse inocu- 
lation from at least two-thirds of patients.* ® 

During recent years and especially during the war, numerous ex- 
tensive studies have been carried out on the nature and identity of the 
etiological agents responsible for the two illnesses. Some of the more 
important conclusions proceeding from these studies are summarized 
in Table VI. Influenza A virus, which was discovered by Smith, An- 
drewes and Laidlaw” in 1933, is recoverable from the respiratory 
tract of a large proportion of patients with influenza A, and influenza B 
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ETIOLOGICAL DATA 








Primary Influenza 
Observation atypical 
pneumonia A B 





Virus recovered from upper respiratory tract; 
Influenza A virus (19BB)* ccc 
Influenza B virus (1940)** . 

Serum antibody response against; 

Influenza A Virus 202.00. 


Influenza B virus . 





Volunteer inoculated in respiratory tract 
with; 


Filtrates (PAP) (1945)*** 
Ingjecems A view” ........... 


I FT satis 0 








* Reference 15 ** References 16, 17 *** Reference 19 
**** Reference ***** Reference 21 


virus, which was discovered independently by Magill’® and Francis‘? 
in 1940, can be recovered from patients with influenza B. Neither virus 
is found in the respiratory tract of patients with primary atypical 
pneumonia.**° A number of different infectious agents, each of which 
may be a virus, have been implicated as possible etiological factors in 
atypical pneumonia during the last eight years. Because of the peculiar 
properties of these agents and the low virulence of all of them for 
laboratory animals, it has been difficult to obtain unequivocal evidence 
for or against their causal relationship to the illness. The present status 
of the problem has been reviewed recently.*** A specific serum 
antibody response against influenza A virus occurs in the great majority 
of patients with influenza A as, too, does a similar antibody response 
against influenza B virus develop in patients with influenza B. In 
primary atypical pneumonia there is no antibody response against 
either type of influenza virus.* * The Commission on Acute Respiratory 
Diseases'® showed that human volunteers inoculated in the upper respira-_ 
tory tract with bacteria-free filtrates of throat washings or sputum 
obtained from patients with atypical pneumonia, develop, in about 
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25 per cent of instances, a condition which has all of the manifestations 
of the natural illness. Similarly, volunteers inoculated in the upper 
respiratory tract either with influenza A*®® or B** viruses, develop, in 
the majority of instances, infections which show all of the manifesta- 
tions of natural attacks of influenza. It is now clearly established that 
influenza is caused by either one or the other of two specific viruses. 
It appears probable, also, that in atypical pneumonia the primary in- 
citant is a filtrable agent, presumably a virus.’ It is of importance to 
point out that the agent which initiates atypical pneumonia appears 
to be distinctly different from and not related to either influenza A 
or B viruses. 

In arriving at a diagnosis of atypical pneumonia the following fea- 
tures seem worthy of additional emphasis: gradual onset, frequency of 
cough, relative bradycardia, the presence of fever for about one week 
or more, and definite x-ray evidence of pneumonia, with but slight or 
indefinite abnormal physical signs over the chest. Approximately 50 per 
cent of patients develop during the illness positive cold hemagglutina- 
tion or positive streptococcus MG agglutination reactions. Such re- 
actions are seldom positive until the second week after onset. Conditions 
which may closely simulate the illness and require differentiation from 
it are: psittacosis (or ornithosis), Q fever, various bacterial pneumonias 
including pneumococcal pneumonia, pulmonary tuberculosis and in- 
fluenza. In children pneumonia associated with measles or whooping 
cough may present an analogous picture. 

In reaching a diagnosis of influenza the following manifestations are 
of importance: abrupt onset, constitutional symptoms out of propor- 
tion to the physical signs, the presence of fever for two or three days, 
and the absence of pneumonia on x-ray examination. Either influenza A 
or B virus is recoverable from throat washings during the acute phase 
of illness and an antibody response against one or the other virus de- 
velops during the infection. Maximum serum antibody titers are found 
during the second and third weeks after onset. The condition should 
be distinguished from the common cold, other undifferentiated acute 
respiratory infections, paranasal sinusitis, atypical pneumonia, etc. 


PREVENTION 


There are two varieties of control which may be applied in attempts 
te reduce the incidence of an infectious disease. These are: first non- 
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Relatively immune against 


Primary Influenza** 
atypical 
pneumonia* A B 








months months 
An attack of; 
Primary atypical pneumonia 


Influenza A 





Influenza B 





Vaccination with; 
eae 0 


Peete TE WATE ancnicscsices 0 0 








* Reference 23 ** References 14, 21, 24-30 





specific control measures, and second, specific prophylactic measures. 
In the case of either atypical pneumonia or influenza, non-specific con- 
trol measures are not of much usefulness and have not been shown to 
decrease the incidence of the illness. All such measures are directed 
toward reducing opportunities for contact with the inciting agent. 
Both atypical pneumonia and influenza develop following the intro- 
duction of the appropriate causal agents into the respiratory tract; 
both are air-borne or droplet infections. Satisfactory means for con- 
trolling the spread of air-borne infections in populations living under 
normal conditions are not available. In both conditions there is evidence 
that the incidence of disease is in a measure related to the degree of 
crowding; in schools, camps, military installations, etc., in which there 
is obvious crowding, the incidence of either illness is highest.» ** 
Conversely, both conditions are least common among rural populations 
and the incidence in urban populations appears to be higher than in 
rural but lower than in institutional groups.’® 

Specific prophylactic measures are more valuable in the control of 
a number of infectious diseases than any others. The possibility of 
inducing a significant degree of immunity against an infectious disease 
is largely a function of the extent and duration of the immunity which 
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follows the natural infection. There is no evidence that artificial im- 
munity against any infectious disease can be induced for a period longer 
than that of the natural immunity which follows infection. In the great 
majority of instances, immunization against an infection leads to less 
complete and less enduring immunity than that which follows the in- 
fection itself. As will be seen from the data summarized in Table VII, 
there is evidence that neither atypical pneumonia nor either type of 
influenza is followed by persistent immunity. Second attacks of atypical 
pneumonia have been observed within three to twelve months after the 
first attack.** Moreover, there is no evidence that atypical pneumonia 
is followed by the development of any increased resistance to influenza. 
In influenza A, as in influenza B, second attacks have been observed 
within six to twelve months after the initial infection.** ** Furthermore, 
an attack of influenza A does not cause an increase in immunity against 
influenza B nor does the latter infection result in immunity against the 
former. Neither type of influenza results in demonstrable resistance 
against atypical pneumonia. It is not to be expected, therefore, that 
artificial immunization against any one of these conditions would induce 
immunity against another or that homologous artificial immunity would 
persist for a long period. The results of extensive studies carried out 
during the past six years suggest that the administration of influenza 
virus vaccine probably does not significantly increase immunity against 
influenza for periods longer than three to eight months’***°*° and 
does not immunize against atypical pneumonia at all. 

As was stated earlier, there is no specific prophylactic measure which 
is useful in increasing resistance to atypical pneumonia. Because of 
serious defects in present knowledge of the etiological factors it has 
not been possible to devise an immunizing procedure. With influenza 
the present situation is more favorable. First attempts to immunize hu- 
man beings against influenza A were made in 1936.*' By 1941 it was 
shown that a significant degree of immunity against the disease could be 
induced by means of the subcutaneous injection of vaccine containing 
influenza A virus.'* Table VIII shows in summary the results of ex- 
tensive studies carried out to determine the efficacy of influenza virus 
vaccine during the past seven years. Very large numbers of persons 
were included in the groups under study. The data shown were ob- 
tained in groups of vaccinated persons the total number of whom was 
more than 24,000 and in comparable groups of normal persons who 
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EFFICACY OF INFLUENZA VIRUS VACCINE 








Epidemic 


Type 


Virus 
vaccine 
employed 


Incidence of disease 


After 
vacci- 
nation 


Vacci- 
nated 
perso ns 


Normal 
persons 


Relative 
incidence, 
vaccinated 

persons 





1940-41 
1943-44 
1945-46 
1946-47 


Influenza A 
Influenza A 
Influenza B 


Influenza A 


Uncone. A 

Cone. A + B 
Cone. A + B 
Conc. A + B 


Months Percent 


4 
1 
1 
4 


Percent 
8.3 
7.1 


5.6 


11.2 
8.1 


1/1.5* 
1/3.2** 
1/14,0*** 
1/1.1**** 


* Reference 14 ** Reference 32 *** References 33, 34 **** Reference 35 


were even more numerous. In the Winter of 1940-41, during an epi- 
demic of influenza A, persons who had been vaccinated four months 
previously with an unconcentrated influenza A virus preparation showed 
a significantly reduced incidence of the disease as compared to normal 
controls.'* For each case among vaccinated persons there was 1.5 
among normal persons. During the 1943-44 influenza A epidemic, per- 
sons who had been given concentrated influenza A and B virus vaccine 
showed a more striking degree of immunity against the disease.** One 
month after administration of the vaccine there were 3.2 cases among 
normal persons for each case of influenza among vaccinated persons. 
In the 1945-46 epidemic of influenza B, the efficacy of the same con- 
centrated virus vaccine again was studied. The reduction in incidence 
of the disease among vaccinated persons was the most striking yet 
obtained.**: #4 One month after administration of the vaccine there de- 
veloped among normal persons fourteen cases for each case of in- 
fluenza among vaccinated persons. These results were encouraging and 
it was hoped that by means of further improvements in the vaccine 
even more significant degrees of immunity might be achieved. Unfor- 
tunately, in the 1946-47 epidemic of influenza A, an unexpected de- 
velopment arose. Four months after vaccination the incidence of the 
disease was not significantly lower in vaccinated than among control 
persons.*® This surprising result raised new problems which are still 
under intensive study. An explanation for the failure of the vaccine 
during the 1946-47 epidemic appears to have been obtained. Studies 


cases 
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on strains of virus obtained from this epidemic revealed that they were 
strikingly different in antigenic composition from the influenza A virus 
strains present in the vaccine which was used. As a consequence, the 
immunological response of vaccinated persons was inadequate to give 
immunity against the strain of virus responsible for the epidemic. This 
result poses an important and as yet unsolved problem concerning 
strains included in the vaccine and will necessitate reassessment of the 
significance of antigenic differences between strains of both influenza A 
and B viruses. Despite the encouraging results which were obtained 
during the epidemics of 1943-44 and 1945-46, it should be emphasized 
once more that the relative immunity which follows the injection of 
influenza virus vaccine probably is not of very long duration and may 
not be effective against virus strains which are widely different from 
those present in the vaccine. 


‘TREATMENT 


In both atypical pneumonia and influenza treatment is concerned 
chiefly with provision of adequate rest, relief of distressing symptoms, 
supply of adequate fluids and a sufficient diet. There are innumerable 
nostrums which enjoy varying degrees of relatively unwarranted re- 
pute, chiefly because they give a measure of symptomatic relief, but 
there is nq evidence that any of these preparations is able to modify 
the course of either condition or to shorten their duration. It is very 
doubtful whether the use of antipyretic drugs is justified or of any 
benefit. For some years we have made no attempt to influence the fever 
either in atypical pneumonia or in influenza. Symptoms such as cough, 
particularly when it is paroxysmal or unduly harassing as not infre- 
quently is the case in atypical pneumonia, require appropriate therapy. 
Codeine usually is satisfactory and may be used frequently. We have 
never found it necessary to resort to the use of morphine and there 
are good reasons for thinking that this important drug should be given 
with great caution in any acute respiratory infection because of its well 
known depressive action on the respiratory center. 

There are no specific chemotherapeutic agents which are of estab- 
lished usefulness in the therapy of either atypical pneumonia or influ- 
enza. Various sulfonamides have been used in large doses in both condi- 
tions and have been found uniformly to be without definite effect. 
Similarly, penicillin, even in large amounts and at frequent intervals, 
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has not produced any significant modification in the course of either 
condition. Convalescent human serum has been tried in some instances 
but with it also the results have not been encouraging. 

Cumplications rarely occur following either influenza or atypical 
pneumonia and generally are not serious. As a consequence, there seems 
to be no valid reason for the administration of either sulfonamides or 
so-called antibiotic agents with a view to preventing their development. 
In those uncommon instances in which serious secondary bacterial in- 
fections do arise, appropriate antimicrobial therapy shouldbe promptly 
instituted. 
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MUTATIONAL PROPHYLAXIS* 


H. J. Mutter, Ph.D. 


Department of Zoology, Indiana University 


Some medical men may think that it is going far afield 


“| into dubious and exotic biological theorizations to con- 
S i sider the phenomenon of mutation in connection with 
a the subject of public health. Perhaps the word “muta- 
a tion” will convey to their minds the picture of rare and 
bizarre monstrosities, such as the armless-legless man, the microcephalic 
idiot, the lion-faced boy, and other circus wonders. Although most such 
curiosities have, in fact, arisen as a result of mutation, this is an entirely 
one-sided and far too narrow view of the phenomenon. Even though 
the mutant, the individual who exhibits the mutation, does deviate in 
some way from the preceding and more usual type, which we choose 
to call the normal in the given respect, nevertheless mutated hereditary 
determiners, or genes, are so widespread in their incidence that every 
one of my readers undoubtedly harbors several or many of them, re- 
ceived from more or less distant ancestors, and mostly in largely latent 
condition, but some attaining some degree of expression in the individ- 





ual himself. 
1. CHARACTERISTICS OF MUTATIONS 


Though the mutant may be called “abnormal” in the given respect, 
if we carefully define our term abnormal as meaning merely the less 
usual in that respect considered alone, nevertheless the phenomenon of 
mutation itself, that is, the occurrence of changes which become repro- 
duced in subsequent generations, is in a sense the most normal thing 
about all living matter, being the property that most basically distin- 
guishes living matter from non-living and that has allowed living matter 
to develop, in its evolution, all the further peculiarities of its marvelous 
organization. For, on the modern genetic view of evolution, our entire 
bodily structure, and that of every other animal and plant, with all its 


* Address given at Centenary Conference on “Genetics and Public Health,” arranged by the Com- 
mittee on Public Health Relations of The New York Academy of Medicine, April 1, 1947. 
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complicated physiology and biochemistry, has been built up through 
hundreds of millions of years by means of a long succession of muta- 
tions, probably millions of them in all. The thousands of different kinds 
of genes which we now contain, and which we call normal genes, co- 
operate biochemically in most complicated ways in the formation of 
every bodily organ and characteristic. Since any one of these many 
genes can mutate again, and can doubtless mutate in various different 
ways and to various different degrees, you will see that it would not be 
possible by a few examples even to scratch the surface of the mutational 
possibilities in man or any other organism. For anything that can be 
done by the organism in its development or in its later functioning can 
be undone by means of a mutation, or can be changed in any one of 
numerous different ways. In a sense, then, a mutation can do anything 
that life itself can do, or at least can do a little of it. And, as we shall 
see, it is the little mutational changes that are the more frequent. They 
are often so little in their effects that we lose sight of them and it would 
take the most refined methods to reveal them. Nevertheless, even these 
have great importance, all told. It would be futile and misleading to 
present examples of them here, inasmuch as they are of kinds without 
number. 

Our whole intricate human organization, then, is built up of a fabric 
of thousands of different kinds of genes, each of which was a mutant 
in its day, but which happened to succeed and so is called “normal” by 
this time. Nevertheless, it is only the very rare mmtation which thus 
succeeds. For, after all, mutations are effects of accidents happening to 
the genes, and it is not to be expected that accidents in this realm, any 
more than in any other, will often be beneficial. Most of them, then, 
fail and die out without ever being seen: they are the mute, inglorious 
mutations. Now to find out what most mutations are really like, it will 
not do simply to make a search through the population for abnormal 
forms, because most of the hereditary abnormal types that we would 
find have actually been in the population for a long time, having arisen 
many generations ago. Thus they have already been subjected to much 
picking over and weeding out, only, unlike what one finds among ar- 
ticles in a department store, it is on the whole the better samples that 
are left. If we would get a view of what most mutations are like, and 
in what relative frequencies they occur, we must be careful to examine 
a group of newly arisen mutants, that have not yet had time to be 
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subjected to culling out by what is called natural selection. This re- 
quires very special genetic techniques, not yet applicable to man. 

We can most easily get a batch of fresh mutations by taking a type 
of organism which is easily bred, and irradiating it. There is evidence, 
however, that substantially similar results are occuring naturally, in 
most animals and plants, and that man can be no exception. Let us turn, 
then, to the favorite little objects of the geneticists, fruit flies of the 
kind called Drosophila melanogaster, and give them a heavy irradiation, 
about 4500 rf units (“roentgens”). When we then breed these with un- 
treated flies, or with each other, we ordinarily find that, among the 
offspring which develop, not one in a hundred will show a conspicuous 
visible abnormality, though, on searching through thousands we will 
eventually find a few abnormal types, of varied kinds. Most mutants are 
not so easily found. For most of them, what we must do is put each of 
the offspring through special genetic tests. These tests, in the ordinary 
case, involve two further generations beyond the immediate offspring, or 
three generations of descendants in all, to get the mutations to come 
to light. Even then we seldom actually see the effects directly, their 
visible expression is so small or obscure. 

We detect the presence of the mutations indirectly, however, by 
the absence, in certain families, or by the relatively low frequency of 
appearance, of certain expected classes of individuals. These are in- 
dividuals which carry given treated chromosomes, all derived from the 
very same treated germ cell ancestral to that family, and which carry 
no homologous, non-treated chromosome, and not even a (homologous) 
treated chromosome derived from a different germ cell, for this chromo- 
some of different origin would tend to normalize the effect. In such 
tests, crosses must in the first place have been made between indi- 
viduals of different stocks, whose chromosomes have been conspicuously 
differentiated by having contained, to begin with, certain known genes 
of visibly contrasting effect, such as, in flies, white versus red eyes, or 
short versus long wings. The corresponding chromosomes of the con- 
trasting individuals crossed should preferably differ, besides, in their 
gene arrangement, so that the oppositely marked chromosomes cannot 
interchange parts (or “cross over,” as we say) with one another. Thus 
the visible character serves as a biological tag, or “marker,” as we call 
it, for the whole of a given treated chromosome. Then there must be 
a special type of breeding, usually a kind of strict inbreeding, following 
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this first cross, which would allow this tag or marker to show up in a 
whole group of second or third generation descendants of any given 
treated germ cell, in a certain expected ratio, such as the Mendelian 1: 3. 
And we must be able to distinguish between the descendants of different 
germ cells of the original treated individuals; for this purpose there 
must not have been intercrossing between them but they must have 
been kept in separate lines of descent. 

On such a system of breeding, if a fresh mutation had occurred in a 
given treated germ cell, in one of the chromosomes that also carried 
a “marker” gene, those descendant individuals in the resulting second 
or third generation family which show the given marker will also carry 
the new mutant gene, unobscured by any dominant normal from 
elsewhere, and we would therefore be able to see the mutant effect 
by looking at these specially marked individuals, provided the effect 
were a visible one at all. About ten times as often as an externally vis- 
ible effect, however, when flies are used, is the finding that the expected 
“marked” group of individuals, carrying the given treated chromosome, 
simply fails to appear, while the other (the non-marked) individuals do 
appear, our ratio being, we might say, 0:3 instead of the expected 1:3. 
This means, it has been proved, that the marked individuals were killed 
before maturity (before we came to look for them) by a so-called 
“lethal” mutation which had arisen in the chromosome that bore the 
marker. Different lethals are, of course, most varied in their action, and 
succeed in making their kill by any one of hundreds of refined physio- 
logical methods, few of which have been much studied. But at least 3 
or 4 times as frequent even as these lethal cases and therefore 30 or 40 
times as frequent as the cases of visible mutations, in flies at least, are 
those in which the marked class does appear, and looks about as we 
expected it to, but appears in a lower frequency than 1:3 though not as 
low as 0:3. This means that some but not all of the marked individuals 
have died, and we call such a mutation a “detrimental” one, although, of 
course, there is no sharp line between the categories of lethal and 
detrimental. 

Now the action of a number of visible mutations has been studied 
by special methods, and it is found that in the majority of cases the 
mutant gene has an effect similar to the normal gene from which it 
sprang, but is less active in producing this effect, or, sometimes, even 
fails to produce it at all. Therefore, it is probable that most of the lethal 
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and detrimental effects simply involve a more or less reduced activity 
on the part of some one or more of the innumerable biochemical proc- 
esses of which the organism is constituted, all of which are results of 
the action of the genes that lie behind them. It will be seen from this 
that the effects of the mutations must often be similar to effects of 
given kinds of unfavorable environmental conditions on normal in- 
dividuals, weakening them in one way or another. But the mutant 
individual, having been rendered less resistant to the environmental 
condition in question, is more easily killed by it. Examining the circum- 
stances attending the death of an individual with the detrimental muta- 
tion, then, we might have been inclined to ascribe it to environment 
rather than to heredity, and to have classed the ailment as an induced 
one. In truth, the death has required the combined action of a relatively 
unfavorable environment and of the gene. 

Summing up all the mutations discovered by the technique previously 
described after a dose of 4500 r applied to flies, we find that, instead of 
there being only 1 mutation among over 100 offspring, as appeared at 
first sight to be true, each one of the treated germ cells actually carried, 
on the average, between 3 and 4 fresh mutations, if we include visibles, 
lethals and detrimentals. In the immediate offspring, however, these 
seldom lower the chances of living very much, because the mutations 
from one parent are mostly recessive to the normal genes received from 
the other parent, even if both parents were irradiated. There may well 
be twice as many mutations as this, or, say 8 per germ cell, because we 
have not tried to count the lesser detrimentals, those which kill fewer 
than, say, 20 per cent of individuals containing them, since it needs 
such large counts to prove their existence. 

In untreated material, the spontaneous mutations which occur un- 
doubtedly fall into similar types, with similar relative frequencies, but 
the total frequency is only about a hundredth as high as after the heavy 
irradiation. But even this results in one germ cell among something be- 
tween ten and thirty having a new spontaneous mutation in it, in flies, 
and this, I submit, is quite a sizeable percentage, larger than generally 
realized. 


2. THe Eventuat Letuarity or Most Mutations 


Now it might be thought that, since such special genetic techniques 
are required to make us aware of these mutations, most of them would 
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lie buried, so to speak, and would be practically negligible in their 
effects on the population. This point of view is, however, entirely 
fallacious. For, though the mutation seldom shows in the immediate 
offspring, the change in the gene is a permanent one and the changed 
gene will tend to go on down to an unlimitedly long succession of future 
generations, until by chance it happens to meet, in fertilization, with 
a similar gene derived from the other parent, and then it will produce 
its effect, or, as we say, “show,” even though it is still invisible morpho- 
logically in the great majority of cases. If it is a fully lethal mutant, 
however, the resulting individual must die from its hereditary ailment. 
On the average, then, each new lethal mutant gene received by an off- 
spring leads eventually to one death on the part of some descendant, 
or, more strictly speaking, it is a half cause of death, since the death 
requires a homologous lethal in the other germ cell that enters the 
combination, but this effect is none-the-less certain to occur in the 
end anyway. (Geneticists can avoid this complication by saying that 
each recessive lethal eventually causes the death of one “genome,” or 
single set of genes.) 

Now what about a merely detrimental mutation? Suppose it is a 
detrimental that lowers the chances of survival and further reproduction 
by only 10 per cent, thus giving a go per cent chance of continuance. 
When this mutation eventually has a chance to “show,” as we call it, 
in some distant generation, by reason of the coming together of two 
germ cells both carrying the same kind of mutated gene, the individual 
will usually be able to live and reproduce, even though he will probably 
be noticeably handicapped in his living. Usually, then, the gene will go 
on down again and so through another long line of descendants which 
do not show the mutation, until again two likes come together and it 
“shows” once more. Inasmuch as the chance of death from this cause is 
in the given case only one in ten, this procedure will tend to occur 
again and again, the mutant gene diving under cover, so to speak, after 
every reappearance until, on the average, it has had a chance to show 
itself ten times, and then finally it will succeed in causing the death 
of the individual showing it, or least in preventing that individual from 
reproducing sufficiently to hand down the gene further, an event which 
we may describe as “genetic death” in any case. Thus in the long course 
of previous breeding, ten individuals, on the average, scattered here 
and there throughout many generations, have “shown” it, and have 
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probably been hampered by it, but in the last one an effect as disastrous 
as that of a full lethal was finally brought about. The lethal action then 
was only postponed in time, not avoided, and the detrimental effect was 
longer drawn out. Similarly, a detrimental gene giving only a one, per 
cent reduction in the chances of survival would tend to go on down 
until it had been able to “show” itself in a hundred individuals, on the 
average, before it finally killed one of them or prevented it from re- 
producing, and so died out. 

This conclusion is very important, because it shows that ultimately 
every small harmful mutation is just as bad, if not worse, in its final 
effects on the population, than a fully lethal mutation.* Therefore, 
to estimate the total number of genetic deaths finally caused by a group 
of mutations that were produced at some given time, we have to count 
not only the fully lethal ones but practically all of them, even down 
to the smallest, and add them together. Since, at present, our data are 
good only for lethals and near-lethals, and not for the very slightly 
detrimental ones, we may have to revise our figure for the amount of 
harm done by mutations considerably upwards in the future, when 
more data for mutations of small effects become available. This is a 
field which very much needs to be worked in more than it has been. 


3. How Mutations ACCUMULATE 


It is, of course, of considerable interest to know the length of time 
it will usually take before the recessive mutations produced at any given 
moment do have a chance to show, during the course of breeding of an 
ordinary population where no special genetic technique has been used, 
and also to know the average number of generations between one show- 
ing of a mutant and the next one. This knowledge would be important 
in allowing us to estimate how much effect to expect in the generations 
immediately following some widespread exposure, such as that oc- 
casioned by the bombing of Hiroshima or Nagasaki. 

The answer to these questions will necessarily depend upon the 
number of such mutations already present in the population. If, for 


* The present writer arrived at this conclusion several years ago, through the line of thought pre- 
sented above. However, at a still earlier date, 1937, Haldane had published a mathematical paper 
(Amer. Nat. 71:341) entitled “The effect of variation on fitness,” in which the same principle is 


made use of, it being directly stated that: “It does not matter whether the gene is lethal or . 


almost harmless. . . . In either case . . . the loss of fitness to the species depends entirely on the 
mutation rate.’’ It should be obvious that the same principle is in fact expressed here, although 
regarded primarily from the standpoint of the total effect on the species rather than on the individ- 
ual cases. Yet its application in the latter manner seems to have been missed by most geneticists 
(including the present writer) who saw this paper at that time. 
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example, 1 in 100 germ cells in a population contains a given type of 
mutant gene, then a mutant gene of that kind, just produced by irradia- 
tion, has a 1-in-100 chance of meeting its like in the next generation, 
or in fact in any one generation. So too it will, on the average, have to 
pass through a hundred generations before it shows, and that will also 
be the interval between one showing and the next one, on the average. 
I must emphasize the word “average” here because it may, of course, 
show right away, even though it has only one chance in a hundred of 
doing so, and it may, on the other hand, pass through a considerably 
greater number of generations than a hundred before it shows. 

Have we now any method of determining this period, by estimating 
what the frequency of a given recessive mutant gene is likely to be 
in the population? The answer is, “yes,” provided we know the fre- 
quency with which the mutation originates and also know how detri- 
mental it has usually been. The accumulation of any given kind of 
mutation in a natural population is governed by a reaction between 
two opposite processes, that tend to approach an equilibrium, as in the 
law of mass action in chemistry. The two opposite processes here are 
fresh mutation and elimination. The mutant gene accumulates because 
it is not only inherited after occurring but is, in addition, produced 
anew with each generation by fresh mutations. This accumulation goes 
on until so many individuals “show” the mutation, and are then elimi- 
nated by reason of its disability, that the rate of its elimination becomes 
equal to the rate at which it arises by new mutation in any one 
generation. 

Let us consider first a fully lethal gene, which is eliminated on every 
occasion that it “shows.” In the case of such a gene a population which 
has reached equilibrium for it (as most large populations will have) must 
contain about as high a proportion of individuals “showing” it (and 
thus eliminated by it) as the proportion of germ cells in which it arises 
anew with every generation. This is true even though, for the most 
part, the really newly arisen examples of this mutation are not the 
ones which do show it in that generation. As an example, let us suppose 
that a purely recessive amaurotic idiocy, a condition which is practically 
certain to lead to genetic death whenever it appears, has arisen by mu- 
tation in 1 germ cell in 200,000 in each generation, in a given popula- 
tion. This figure of 1 in 200,000 is a reasonable one for us to assume, 
since it is not very far from the middle of the range of those mutation 
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frequencies which have already been ascertained for a number of in- 
dividual genes, not only as in other organisms, but also in man. Assum- 
ing this frequency of its origination by mutation, then, it will have 
accumulated until about 1 person in 200,000 might be expected to 
show this trait, for then the rate of its origination will equal that of its 
elimination (inasmuch as each showing leads to elimination). 

Observe, however, that many more than 1 germ cell in 200,000 in the 
population will carry this trait when 1 person in 200,000 shows it. For 
the chance of an individual showing a recessive trait is dependent upon 
the chance of both the germ cells which united to make that individual 
having had the gene for it. And this is equal to the square of the chance 
that either sperm or egg, considered separately, contained it, if we 
neglect the usually minor correction occasioned by marriages between 
relatives. That is, if one egg among a given number, x, had the trait 
and likewise one sperm among x, then one individual among x° would 
be formed by the meeting of such an egg with such a sperm. Stating 
the matter in another way, in our given case, where 1 in 200,000 persons 
have the defect, 1 in the square root of 200,000, or approximately 1 
in 448 eggs, and 1 in 448 sperm, will carry the gene in question, after it 
has accumulated to the equilibrium value at which 1 in 200,000 persons 
manifest it in the population. From this figure of 1 in 448 germ cells 
we may deduce that it would on the average take 448 generations, or 
about 13,000 years, in man, before a given gene for this abnormality, 
which had arisen by mutation in a given generation, finally came to 
show itself. And yet despite this lag it would on the average show in 
one individual in the end, anyway, and would then cause his genetic 
death. 

Let us next consider not a lethal but a merely detrimental mutation, 
for instance, a relatively slight hereditary anemia, having the same fre- 
quency of origin by mutation, i. e., 1 in 200,000. Such a mutation, we 
can calculate, would get to show considerably sooner, as it would have 
accumulated to a higher frequency in the population before being 
eliminated as fast as it arose. Suppose, for instance, that this detrimental 
lowered survival by 10 per cent, having only a chance of 1 in 10 of 
being eliminated in an individual who shows it. It is evident that in 
the case of this mutation, there would be ten times as many individuals - 
showing it in the population as were being eliminated by it. Now since, 
for equilibrium between origination and elimination, 1 in 200,000 have to 
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be eliminated in every generation, ten times this or 1 in 20,000 must then 
be showing it. And the square root of 1 in 20,000, or 1 in 141, is the 
proportion of the germ cells which will then contain the gene for it, 
in the average equilibrium population. It, then, will on the average 
have to go down through some 141 generations, or some 4,000 years 
in man, before it gets a chance to show, after any given occasion at 
which it originated anew, and ‘this will also be the average length of 
the interval between one of the showings of this gene and the next 
one, as it passes along. But even a detrimental giving only a 1 per cent 
lowering of survival turns out to have an interval of somewhat over 
1,000 years. So, for practical purposes, we may say that most of the 
fully recessive genes that could be detected at all must lie latent for 
thousands of years. This only makes them the more troublesome to find 
and deal with, however, and it does not lessen the frequency with 
which they do finally show, all told, in any given generation, including 
the present one. 

Dominant mutants, of course, do not have these long intervals 
between showings, though they may often be irregular in their expres- 
sion, and so they are eliminated more rapidly from the population. 
However, each dominant does as much harm as each recessive and must 
eventually lead to a genetic death; in fact it is a full, not a half, cause 
of death. The number of its showings before the death occurs is, as with 
recessives, inversely proportional to the amount by which it lowers the 
chance of survival. But since it is likely that most recessives are not 
completely so, but do have a certain degree of dominance, they may 
actually show enough to be eliminated much sooner than our calcula- 
tions on the basis of pure recessivity would indicate. This too is a subject 
which needs to be gone into with much greater exactitude than it has 
thus far, as it will have considerable bearing on our judgments con- 
cerning the composition of populations, concerning the average length 
of time it takes before the effects of mutations are detectible among the 
descendants of those in whom they took place, and concerning the total 
amount of harm done in the generations more immediately following 
the application of a mutagenic agent. 

We are now in a position to see why people are commonly burdened 
with little ailments and weaknesses of a “familial” or hereditary nature, 
since the smaller the detrimental effect of a mutation the more it tends 
to accumulate, so as to show in numerous individuals. If 1 in 10 germ 
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cells contains some new recessive mutation, then one-tenth of the indi- 
viduals in a population at equilibrium must always be dying genetic 
deaths from such mutations. But only the small minority of these deaths 
will be due to fully lethal genes. And for all of those dying a genetic 
death by reason of a lesser, or detrimental gene, there must be a con- 
siderably larger number suffering but not dying from the same ailment. 
Therefore, the problem of these mutations is really affecting practically 
every individual directly. Everyone, moreover, is carrying latent in 
him, heterozygous, a much larger number of these genes than those 
which he “shows.” A calculation which I have made from some data 
giving results of inbreeding in man, if the data can be trusted, leads to 
the conclusion that every person on the average contains heterozygously 
at least one lethal gene, or a group of genes which in effect act as a 
lethal together, of such a nature as to kill an individual who has received 
it from both parents at some time between birth and maturity, and this 
fails to count duly the lethals which can act at other periods of life. 


4. How Heart Practices ArFect THE ACCUMULATION 


Now to say that a given ailment is hereditary by no means signifies 
that it cannot be ameliorated or even cured or avoided completely, in 
the individual who would otherwise show it, by means of suitable treat- 
ment or conditions of living. That is, in fact, one of the major sorts of 
jobs which physicians and all who have to do with people’s well being 
are dealing with in man and which agriculturists are dealing with in 
cultivated plants and domestic animals. It is even to be considered as 
one of the major functions of civilization itself. To be sure, the fact 
that there are thousands of different gene mutations, each working 
through a series of biochemical reactions somehow different, at least 
quantitatively, from every other, does not mean that in such work we 
have to be able to identify each mutation as such and to deal with it 
entirely specifically, since many are similar in their final effects on 
the more proximate bodily processes with which the physician, the 
cultivator, or even the physiologist deal, and so they can be dealt with 
as a class by means of general procedures, in fact, often by the same 
procedures as the troubles of purely environmental origin. However, a 
knowledge of the mode of action of the given gene concerned is often 
very important in the treatment or prevention of its effects. Hence 
pathology, physiology, medicine and psychology as well, are destined 
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to become far more complicated than at present, as they gradually take 
increasing numbers of these idiosyncrasies more and more into account, 
and differentiate in a more refined manner between them. 

In thus ameliorating or rectifying the effect of a lethal or detri- 
mental mutation, we have of course made it what amounts to a less 
detrimental mutation. Yet, we have not changed the mutant gene itself, 
and it will be subject to the same laws of inheritance as before. For 
nobody who knows anything about the subject gives any credence to 
the doctrine of inheritance of acquired characters nowadays. In making 
it a less detrimental mutation, however, we automatically change the 
rate of its elimination, lessening this, and we correspondingly raise the 
equilibrium frequency of individuals capable of showing it in the popu- 
lation. If it retains any detrimental effect whatever, as it usually will, 
each such mutation must still result in a genetic death eventually, but 
it will linger longer in the population, affecting more individuals before 
it dies out. It has been explained that, the more reappearances a mutant 
gene is able to have before it finally dies out, the more abundant, in 
exact proportion to this, it thereby becomes in the population eventu- 
ally. And any mutation which has ceased entirely to become a cause 
of genetic death is bound to accumulate to an unlimited degree in the 
population, as fresh examples of it arise anew in every generation and 
are from then on passed along, until at last all the individuals of the 
population come to have this gene from both their parents, and it has 
become “established,” as geneticists say. (We neglect here reverse 
mutations, but these would usually be much rarer.) Although such a 
process takes many thousands of years, its occurrence follows an ines- 
capable genetic law. 

We must recognize then that hereditary ills are unlike diseases of 
other kinds, in that in “curing” one of them today we are creating 
another case of the same kind for tomorrow. The more success we 
have, and with the more ailments, the more does mutation take advant- 
age of this to encumber the population with these ailments, for which 
more and more individuals have to be treated anew in each generation. 
We have then largely escaped the effects of the ailment (though an 
artificial limb or other patched up character is seldom as good as a 
natural one), but only at the expense of continuing to treat a portion 
of the population which grows ever larger, the more successful our 
treatment gets to be. Mutation, consolidating her victory, then goes on 
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to take the next line of our defense. For we have won no permanent 
respite, as, pressing the attack on the already weakened biological basis, 
further mutations in the same and other genes now arise to plague it, 
and these, too, accumulate just in so far as we seem to be successful 
in parrying them. Offering a finger, we eventually find our hand taken; 
yielding up the hand, we find the whole arm drawn in, and so on and 
on. There is no limit to this whatever except the complete disappearance 
of all normal genes by mutation or loss, and by that time, if it were 
conceivable, we should virtually be making a completely artificial man. 
If we should merely stop at any intermediate point, however, we 
should thereafter be continually compensating on a widespread scale 
for all those mutations which had been allowed to accumulate up to that 
point. And yet we should not have solved the problem of further 
mutations at all, because these would still be coming up anew at very 
much the same frequency as they had been when we started in with 
our ameliorative procedures, and we should then have to decide what 
to do about them, after all, making the decision either to treat them 
and to let them also accumulate still further, or to stop at that point 
and say, “Hereafter no new harmful mutation will be allowed, so far 
as we can help it, to perpetuate itself, even though we will treat the 
individual for its effects.” 

Since that day when we make our genetic stand has to come some 
time anyway, unless we are willing to go all the way to the bottom 
of the biological hill, is it not evident that the sooner it comes the 
better? What does this mean? Certainly it does not mean that we 
should stop trying to find the causes and cures of ailments and impair- 
ments, whether hereditary or not, nor that we should slacken in our 
efforts to save and improve existing humanity wherever we can. But 
it does mean that it is up to us to try to discover increasingly which 
ills do have, even in part, a hereditary basis, and that we should try to 
develop means to discourage the accumulation of these hereditary weak- 
nesses through indiscriminate reproduction. In other words, controlled 
therapy, prophylaxis, and hygiene, applied to the immediate genera- 
tion, must be balanced by a certain amount of guidance over reproduc- 
tion, to prevent the ills from piling up for the future. 

For this we should know the total mutation rate more exactly. If, 
for example, one-tenth of our own germ cells contain mutations which 
have arisen afresh in the last generation, counting not only the lethals 
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but even those slightly detrimental, than that is the proportion of indi- 
viduals who, genetically more defective than the others, should restrain 
themselves from reproduction in each generation. (There will be more 
than 1/10 if some of the mutations are dominant, because of each 
dominant’s counting double as a source of genome death.) But if our 
genetic diagnosis can be, say, only 50 per cent perfect, then twice the 
given proportion, or one-fifth, must, on the average, avoid reproduc- 
tion, in order to achieve such a result. Alternatively, their reproduction 
might simply be somewhat limited instead of entirely discontinued, but 
in that case a correspondingly larger proportion of individuals still 
would have to be involved in this way. That is the elementary genetic 
arithmetic of the situation, and it is unfortunately quite unavoidable, 
and independent of ideologies. 

It is easy to see that all this calls for the development of our knowl- 
edge of human and other genes to a point thousands of miles beyond 
what it is at present. For since all of us carry defective genes, what we 
ultimately want to know is, who carries the most and the worst. And 
for that we need to develop means of recognizing them even in their 
latent or heterozygous condition since most of those we carry are in 
that condition. Only a little progress has yet been made in that direc- 
tion, yet enough to show that the problem is not a hopeless one. Any 
wise guidance must also weigh the especially good genes against the 
especially bad ones, for it is often worth putting up with temporary 
difficulties in order to save things which are unusually precious. That 
is particularly advisable as a policy because of the fact that in later 
generations the bad will usually have a chance to separate itself from 
the good by the laws of hereditary recombination, and it will then be 
time enough to allow the bad to be discontinued. Thus, the matter of 
dissuasion from reproduction under some circumstances is also bound 
up with its encouragement under others, but that is too large a matter 
for us to go into here now. 

It will be seen that not only is a great increase in medical and other 
human knowledge called for in these connections, but that a great 
change will be required in social attitudes, both on the part of the 
public in general, and also of medical men, before our increasing knowl- 
edge can beneficially influence reproductive practices. However, it will 
be useful in the meantime to work toward this situation gradually, by 
making use of the limited knowledge that we have, as best we can, to 
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discourage the perpetuation of definitely known hereditary defects, 
while furthering conditions that lend encouragement to the multiplica- 
tion of hereditary characters that are clearly valuable. If all this seems 
unduly vague, this vagueness is merely a measure of our present ignor- 
ance of details, and our present unpreparedness. For the mutations are 
definitely there, and both public and private health measures will 
certainly cause them to accumulate, until the time when counter- 
measures of some such sort are taken. 


5. THe Propuction AND AvoIDANCE OF MuTaATIONS 


In the above matters, physicians, educators and administrators cannot 
take or even advise action which is very far in advance of the com- 
munity’s mores, although it is their duty to lead the way in the necessary 
reshaping of the mores. However, there is another sort of “mutational 
prophylaxis” (if I may call it so), which it is clearly within their power 
and duty to take action in. This concerns itself with measures designed 
to avoid increasing the frequency with which new mutations occur. 
Clearly, the more distasteful and difficult it may be to retard the propa- 
gation of a mutant gene once it has been brought into existence, the 
more obligated are we to do what we can to prevent its coming into 
existence. To be sure, we cannot prevent the so-called “spontaneous” 
mutations from occurring at all, nor is it probable that means will ever 
be found for greatly reducing their frequency (short of cold cultures 
of germ cells protected even from natural radiation!). But what we 
can do is to take more effective steps to protect the germ plasm of our 
population from having additional mutations induced in it by penetrat- 
ing radiation of artificial origin and other mutagenic agents. This means 
first of all a recognition on the part of the biological and medical com- 
munity itself that these effects do exist and are of serious consequence, 
and, secondly, their coéperation in letting the public know about them 
and in protecting the public from them. 

Unfortunately, however, this subject has long been looked at askance 
by many medical men, especially, even in their most authoritative 
journals, and they have for instance been advised, in an editorial in the 
Journal of the American Medical Association only a few years ago, to 
wait until harmful effects could be seen in the offspring of irradiated 
persons before doing anything about it. We have, however, reviewed 
the reasons why effects discernible in the immediate offspring are to be 
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found only with the greatest rarity. I venture to predict that the same 
largely negative results will be evident even at Hiroshima. And we have 
seen that in flies, under conditions in which fewer than 1 in 100 off- 
spring of an irradiated parent show a visible mutation, in spite of all 
this, there may actually be between 3 and 4 lethal or decidedly harmful 
mutations carried unseen in each offspring, and that on the average each 
of these must eventually lead, somewhere along the line, if they are 
allowed to continue breeding, to certain genetic death. 

True, we do not know the exact frequency of the mutations pro- 
duced by a given dose of x-rays in mammals, and that is an important 
point. It is therefore incumbent upon us to call for the expensive large- 
scale experimentation which the obtaining of results with this material 
requires. And yet even the meager experiments already done on mice 
are enough to show that, as in all the widely different forms of life 
tested, the effect is produced, and that its frequency here is at least 
of a similar order of magnitude to that in the flies. And that is suf- 
ficient for our present argument that precautions must be taken, and 
that, in the meantime, we must take them on a quantitative basis similar 
to that which we would use in flies. 

Now in judging the amount of effect we must be guided by the 
important principle, which has been well established, that the frequency 
of the mutations induced will be proportional to the total dose of radia- 
tion received over an unlimited period of time. It is the total amount 
actually reaching and absorbed in the tissue that counts, no matter how 
hard or soft the rays, no matter whether given in the form of concen- 
trated and brief or dilute and protracted, of uninterrupted or of greatly 
and frequently interrupted treatments. There is then absolutely no 
threshold dose, unlike what is true of many other biological effects of 
radiation, and even the most minute dose carries a definite chance of 
producing mutations—a chance exactly proportional to the size of that 
dose. That chance, taken by itself, may to be sure be negligible for all 
practical purposes, but it is no longer negligible if, being repeated a 
number of times, the total dose thereby becomes important. Just how 
much is important depends upon our standards. If, as in flies, a total 
dose of 50 r units, applied to the spermatozoa, results in a mutation 
frequency about equal to the natural mutation frequency, but added 
to it, and if this frequency is taken as being about one mutation in 10 
to 20 germ cells, then I should hold the effect important. For it would 
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mean that there is at least a 1 to 20 chance of mutation, and therefore 
this same chance of an eventual genetic death or half-death somewhere 
along the line of future descendants if the treated germ cells are used 
in reproduction. On the other hand, in immature germ cells, a dose 
about twice as high is perhaps needed to give a mutation frequency 
equal to this. 

Before giving an irradiation which reaches the germ cells, then, the 
amount of benefit which it confers should be weighed against the 
risk of harm to some future individual, and if this cannot yet be exactly 
estimated, then it is high time for this problem to have been duly 
attacked. More generally, we may say that all the radiation which 
reaches the germ cells of different individuals treated by any given 
person should be lumped together by him to see the total number of r 
units therein comprised. If 100 r units double the natural mutation rate 
in immature germ cells, and if this is itself a frequency of one mutation 
in 20 germ cells, then 20 times this, or 2,000 7 units, causing a 20 times 
raising, will, on the average, produce one mutation in each germ cell. 
Thus this total exposure will be practically certain of leading to a 
genetic (“genome”) death among descendants of persons who reproduce 
to an average extent thereafter. In other words, if the quantitative rela- 
tions are as in flies, we should use the radiation with the consideration 
in mind that every 2,000 7 units used that reach immature germ cells 
which will later function should in toto have been beneficial enough 
in their immediate effects to compensate for one certain genetic death 
in the future. Of course, a record of the probable amounts of radiation 
received by the gonads of each exposed individual should also be kept 
for summation, in our accounting. With the greatly increasing use of 
radiation both in medicine and in industry and warfare, this considera- 
tion assumes much greater importance than it previously had. 

In the light of the above, the use of X-rays as a means of either 
stimulating or temporarily inhibiting ovulation becomes an especially 
indefensible practice, although at present it has a considerable vogue 
among so-called specialists, and a dose of 300 7 to the ovaries is not 
considered excessive by them. Radiologists will recognize that on few 
other occasions is there need for the reproductive organs of people who 
still may use them to receive much radiation, since they can be screened’ 
from all but a minimal amount of radiation very simply, as by means of 
lead shields, combined with other, more ordinary precautions. In view 
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of the considerable amount of scattered radiation that often exists, how- 
ever, and especially of the fact that certain classes of patients are 
subjected to irradiation again and again, such shielding ought to be a 
matter of routine, yet it seems seldom to be resorted to. And whenever 
irradiation of superficial tissues in the region of the gonads seems indi- 
cated, Grenz rays, because of their very weak penetration, should be 
used instead of ordinary X-rays. This practice too is far from common 
as yet, although arrangements for giving X-rays of the Grenz type need 
not be expensive. Furthermore, the technicians and radiologists them- 
selves, as well as all those who come frequently into the neighborhood 
of apparatus for irradiation while it is in action, should be protected 
by suitable pelvis shields which may of course be hidden. This is a 
minimal precaution for mutational prophylaxis on the part of operators, 
but, on the whole, it should be a very effective one. At present many 
technicians have not even been informed that the danger exists; much 
less do they protect themselves against it. Turning to another field, we 
find in modern commercial practice such usages as the indiscriminate 
and unregulated X-ray fluoroscopy of the feet of prospective customers, 
including little children, in shoe stores, in positions which undoubtedly 
allow considerable radiation to reach the gonads. This too is a flagrant 
example of the kind of dangerous misuse of radiation against which 
decisive measures should be taken. 

It should be mentioned that when mature male germ cells, such as 
commonly exist in the testis for weeks before their discharge, are sub- 
jected to radiation, there is another effect besides that of causing gene 
mutations: that is, breakage and rearrangement of chromosome parts, 
chiefly of the type called “translocations.” These are known to lead, 
in mammals (mice) as in other animals, to inherited disturbances in 
germ cell formation, that pursue a dominant course of heredity in both 
male and female descendants for an unlimited series of generations. 
Unfortunately, they would not tend rapidly to die out in man, even 
though they regularly kill off in utero about half of the embryonic 
offspring of individuals that inherit such a disturbance. For, unlike 
“dominant lethals,” half the offspring who are not killed show the 
disturbance again, when they become mature, and these would natur- 
ally tend to compensate for it by more numerous conceptions. The 
effect is not readily produced by irradiation of immature germ cells, 
however. And even in the spermatozoa its frequency of production is 
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more nearly proportionate to the square of the dose of radiation 
received than to the dose itself. Thus with low doses, say below 5 1, 
it becomes negligible (the chance of such an effect in mice being only 
about 1 in 4,500 germ cells at that dose). However, it only takes about 
a hundred r units applied to the spermatozoa to result in about 10 per 
cent of them carrying these changes, in mice. It should, therefore, be 
mandatory for a man to abstain from acts of reproduction for some 
two months after his testes have been exposed to any considerable dose 
of radiation. And abdominal fluoroscopy, it should be borne in mind, 
commonly results in some 80 r being received in one dose! The effect 
is also produced, though to a somewhat lesser (not yet well determined) 
extent, on ovarian cells of any post-natal stage. 

It would take us too far afield here to go into the question of to 
what extent the somatic effects of irradiation, seen in the individual 
himself, such as sterility, inhibition of growth, necrosis, disturbances in 
the bone marrow and other blood forming organs, and even cancers 
and leukemias, may be traceable to mutational effects of the radiation 
produced in the somatic cells themselves. There is much evidence of 
this being the case, and if so, we might also class the avoidance of these 
effects as mutational prophylaxis, confined to the treated generation 
itself. It is chiefly the studies on genetic effects followed through suc- 
ceeding generations that have furnished the evidence in question, 
throwing light on the somatic effects, but we do not have time to go 
into this matter here. 

Neither can we go into the interesting recent findings of the muta- 
genic effects of mustard gas and related substances by Auerbach and 
Robson, other than to say that with such chemicals too a policy of 
mutational prophylaxis is indicated. Recently it has been announced 
by Strong and by Demerec that some at least of the carcinogenic sub- 
stances also produce mutations, and Stone and his co-workers have 
obtained mutations in bacteria by growing them on food materials 
which had recently been irradiated (an effect since interpreted by them 
as probably caused by peroxides produced). Fortunately, however, the 
old claims of such common substances as alcohol, ether and lead having 
mutagenic effects have failed to obtain confirmation. 

Before closing, one important new development affecting mutational 
prophylaxis must, however, be mentioned. That is, of course, the use 
of atomic energy, both in war and in peace. The radiations thereby 
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produced are certainly of the types that give rise to mutations, and they 
must give rise to them with very nearly the same frequency, for a given 
number of r units, as in the case of X-rays, as experiments with radium 
long ago demonstrated. That people who survive the effects of a bomb 
may have received hundreds of r units, has been shown by their frequent 
permanent or temporary sterility as well as in other ways. These people 
then must, all told, have many mutations in their germ cells. Their 
reproduction, as well as that of the persons somewhat less affected, must 
be adding to the sum of future human ills. It can readily be estimated 
that each bomb falling in a highly populous area would probably kill 
more people scattered throughout future generations than those killed 
in the generation immediately affected. If many such bombs were used, 
moreover, an appreciable amount of radioactive dust would undoubtedly 
get carried around to very distant places and this would tend to cause 
mutations in people generally. Similar considerations would apply to 
any future peacetime use of atomic energy and of radioisotopes when 
it becomes extensive, unless most rigorous precautions are used. Such 
precautions are in fact being used today in atomic energy installations. 
They will become extremely difficult and cumbersome to enforce, 
however, when there is widespread use of radioactive material. It will 
therefore be up to the medical men, working in coéperation with the 
administrators, to see to it that adequate precautions continue to be 
taken. 

If a total of 300 r units, though finally recovered from to all ap- 
pearances, produces an average of something like one mutation in every 
3 to 6 immature germ cells (as happens in flies), then if people in 
general were subject to this in very many repeated generations, it will 
readily be seen that such a large proportion of the population would 
eventually die genetic deaths as to result in the dwindling away and 
probably, at last, the extinction of the human race. Long before that, 
however, the effect would be catastrophic, for the survivors would 
be loaded with detrimental weaknesses. Nevertheless, these effects might 
take hundreds of years or millenia to mature, and by that time it would 
be too late. 

I do not wish to be a scaremonger, and I do not think we will ever 
come to this juncture, provided we survive atomic warfare in this and 
the next generation at all. However, any part of the process is bad, and 
it is our responsibility to try to avoid every individual case of death or 
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malady, no matter how far in the future, which our negligence might 
otherwise cause. We cannot do this by neglecting the problem, or by 
denying the mutational effect. It is one of those things which will go 
on and become all the more troublesome if, simply because we do not 
like it, we fail to give it official recognition. 

Nevertheless, mutation has been the saving process that has been 
behind all biological progress, and has brought life to its present estate. 
Let us then determine that, like fire, and like atomic energy itself, it and 
its effects must eventually be brought under control, for our own ever- 
lasting benefit, rather than to our detriment. 


6. SUMMARY 


Attention is called to the erroneousness of the popular notion that 
mutants are ordinarily monstrosities or freaks. The nature of the experi- 
mental evidence is reviewed whereby it has been determined that the 
great majority of mutations produce effects which are invisible in the 
external morphology although detrimental to a greater or lesser degree 
by interference of varied kinds with physiological functions, more usu- 
ally by lessening the degree of activity of one biochemical process or 
another. Since, at the same time, most mutations are recessive and most 
populations are already laden with very numerous mutations inherited 
from the distant past, the demonstration of the production of new muta- 
tions and the measurement of their frequency ordinarily requires very 
special genetic techniques. It is for these reasons that we need hardly 
expect to discover conspicuous evidences of newly arisen mutations in 
the offspring of parents who were subjected to radiation even though 
many such mutations were in fact produced. 

It is a major task of public health to attempt by prophylaxis, treat- 
ment, and general improvement in the conditions of life, not only to 
avoid and cure ills that are primarily of external origin but also the very 
numerous ones which, whether we are aware of it or not, may be 
brought beyond the threshold of expression or aggravated by inherited 
physiological weaknesses or deviations. It can be estimated that, without 
modern treatments, something between a tenth and a twentieth of the 
population may regularly meet what may be designated as “genetic 
death,” from such causes. At least, that is the most probable estimate 
of the amount of this effect in flies, and it is not likely that in humans 
the effect is less. But the great decrease in mortality which has been 
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achieved in modern times indicates that a considerable proportion of 
these deaths are today avoided. ‘Lhis leads to a consideration of the prin- 
ciples whereby mutant genes accumulate in a population and 4t 1s snown 
that any interference with their dying out inevitably leads to such 
genes becoming increasingly numerous as new mutations continue to 
arise in each succeeding generation. In other words, our compensation 
tor the mutations, by medical and hygienic means,. inevitably though 
very gradually leads to the mutations in their turn compensating for the 
better conditions of living, so as in the end to bring the population to a 
condition where it has at least as many new ills as it had before, but 
is besides maximally engaged in endeavoring constantly to counteract 
the original ones. 

The only way in which such a situation can be corrected, while 
retaining the advantages of public health measures for any then existent 
population, is by the conscious guidance of reproduction in such a way 
that a fraction of the population, comprising those who are burdened 
with the most numerous detrimental mutations and have the fewest 
especially valuable genes, abstains from reproduction, even though their 
own genetic ills may largely have been prevented from expression by 
reason of special prophylaxis or rectifying procedures. As above men- 
tioned, the most likely size of this fraction is between one-tenth and 
one-twentieth of the population, and it is in any case equal in amount 
to the fraction of germ cells having new mutations in any one gener- 
ation. However, the institution of such eugenic measures cannot be 
expected before considerable changes are brought about in social atti- 
tudes, and particularly not before the problem becomes more widely 
realized both among medical men and the general public. 

While the adoption of effective policies of the above kind seems 
rather distant, it becomes all the more incumbent upon present practice 
to do everything possible to avoid the production of more mutations 
in the population than occur under natural conditions. This means, first 
of all, a more general recognition of the fact that high-energy radiation 
does produce mutations, in considerable abundance, even though the 
effects are not readily discernible, as has been explained. With the 
increasing medical, industrial and military use of X-rays, it becomes 
mandatory for radiologists to see to it that their technicians, their pati- 
ents, they themselves, and even bystanders have their reproductive 
organs protected from scattered radiation so far as possible, by means 
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of simple lead screens (which would ordinarily be sufficient), and to 
refrain from the practice of using such radiation either to stimulate the 
reproductive organs or to produce a sterility that may be temporary. 
It must be realized that the mutational effect is proportional to the 
total dose given, no matter in how fractionated or diluted a form it 
may have been received. It is, therefore, desirable that a record be kept 
of the approximate number of exposures and the amount of radiation 
received by each person from the time of his conception until that of 
each reproduction on his part. A record should similarly be kept by 
each practitioner of the total dose to which the, gonads of all his patients 
ind operators taken together, who are likely thereafter to reproduce, 
have been exposed. Finally, it becomes especially important for men 
exposed to relatively heavy doses to refrain entirely from reproduction 
for some two months after exposure, on account of the additional danger 
of the production of chromosome breaks in the mature spermatozoa as 
these results in “translocations” giving an inherited proclivity to produce 
aborted embryos. 

With the increasing use of atomic energy both in peace and war, 
the problem must become much more acute, both because the radiation 
in this case is so much more penetrating that shields are ordinarily 
quite inadequate, and because the substances producing the radiation 
may become so pervasive. It will, therefore, be incumbent upon medical 
men to insist that adequate protective measures are taken. The protective 
measures now in force in the centers of production of fissionable 
material are very good, but the difficulties of protection must become 
inordinately greater with the more abundant and widespread use of 
such material, in whatever way. 

Finally, it is urgent that further research on mammals be instituted, 
with the object of determining quantitatively the frequency and the dis- 
tribution of types of mutations produced by given doses of radiation. 
Only then can we know definitely just what risks of damage and genetic 
death of individuals of future generations are involved in the exposure of 
any individual of the present generation to a given amount of radia- 
tion, and be able to balance present benefits against future detriments 
in deciding whether, and how, to resort to a proposed exposure. 
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Studies on the Nature of Red Cell Agglutination by Viruses 


Georce K. Hirst 


Public Health Research Institute of the City of New -York 


Summary. Some of the facts about the 
interaction between influenza virus and red 
cells were reviewed. By testing for the virus 
adsorbing capacity of red cells, it was 
found that the virus receptors were very 
stable to treatment with a number of re- 
agents and to exposure to high temperatures 
but were inactivated by proteolytic enzymes 
and by the periodate ion in small concen- 
trations, as well as by influenza virus. These 
characteristics of the cell receptors were 
found to be similar to those of the virus in- 
hibitor present in normal serum. Evidence 


* 


* 


for the destruction of serum inhibitor by 
proteolytic enzyme, periodate and by influ- 
enza virus was given. Preliminary attempts 
to isolate the inhibitory principle from nor- 
mal human plasma yielded a fraction in 
which the inhibitor activity was destroyed 
by trypsin, concentrated phenol and _ by 
heating. These qualities and the small 
amount of carbohydrate in active prepara- 
tions make it seem unlikely that the active 
principle in serum is closely related to the 
blood group mucins. 


* 


The Significance of Combinations Between Viruses and Host Cells 


Frank L. Horsrat, Jr., Paut H. Harpy, Jr., 
and Frep M. Davenport 


From the Hospital of The Rockefeller Institute for Medical Research 


Combinations between viruses and host cells 
occur with great frequency. It is very prob- 
able that in the absence of such a combina- 
tion infection with a virus does not develop. 


Virus-host cell combinations can be divided, 
for the purposes of this discussion, into at 
least three different classes which have vari- 
ous degrees of significance and importance. 
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These are: 1) contact combinations or virus- 
cell surface unions, 2) intracellular com- 
binations or virus-cytoplasmic unions, and 
3) extracellular combinations or virus-tissue 
component unions. During the course of in- 
fection with a virus these different types of 
combination are thought to occur in series 
one after another and in general they ap- 
pear to occur in the order stated above. 

Evidence for the occurrence of combina- 
tions between viruses and host cells has 
been obtained with a number of viruses in- 
cluding some in each of the three chief cate- 
gories, i.e., so-called bacterial, plant and 
animal viruses. Because of the apparently 
constant occurrence of combination, certain 
workers? now doubt that any virus has been 
obtained in a state entirely free of contam- 
inating host material. Whether or not such 
a degree of purification has been achieved 
is not our present concern. Rather it is the 
purpose of this discussion to examine some 
of the evidence concerning the occurrence 
of combinations between viruses and host 
cells and to discuss the significance of such 
unions. 

It seems fairly obvious that the first step 
in infection with a virus probably is contact 
between the virus particle and a susceptible 
host cell. This results in one type of contact 
combination or virus-cell surface union. The 
adsorption of bacteriophage or bacterial 
viruses by a susceptible micro-organism pro- 
vides an excellent example of this type of 
virus-host cell combination.?, Although it 
seems essential ‘for such a union to occur 
before infection with a virus can develop, it 
does not follow that all virus-cell surface 
combinations result in infection. As an ex- 
ample, heat-killed bacteria combine with 
bacterial viruses readily but certainly are 
not infected by them. Moreover, a number 
of animal viruses combine with erythrocytes 
as was shown first with influenza’ viruses,’ 
some even form stable unions,‘ but none 
causes infection of the red blood cells. The 
nature of the cell surface component which 
unites with a virus has been studied in only 
a few instances. Evidence has been obtained*® 
which indicates that certain bacterial viruses 
combine with polysaccharides at the surface 
of susceptible micro-organisms. There is 
some evidence® which suggests that certain 
plant viruses may also combine with com- 


plex carbohydrates of the host. In the case 
of pneumonia virus of mice (PVM) it ap- 
pears that protein is an essential constituent 
of the combining component.’ With influ- 
enza virus there is evidence’,® indicating 
that the combining component of erythro- 
cytes may be a mucoprotein. 

After a virus and a susceptible cell have 
come in contact and surface combination 
has occurred, there follows a series of mys- 
terious phenomena about which there is 
more conjecture than information. It is 
thought that the virus penetrates the cell 
membrane and undergoes multiplication in- 
tracellularly. With some plant and a num- 
ber of animal viruses there is good evidence 
for this point of view. In certain instances 
the virus actually can be visualized within 
the cytoplasm of susceptible cells and seen 
to increase in number. Particularly good 
examples are provided by the so-called pox 
virus group which are sufficiently large that 
their elementary bodies can be seen with a 
good microscope.” Although a virus may 
become dissociated from cell surface com- 
ponents at the moment it penetrates into 
the cell cytoplasm, there is no reason to 
think that it remains uncombined with cyto- 
plasmic components while it occupies an 
intracellular position. If present concepts 
regarding the mechanism of virus multipli- 
cation are valid, it would appear that in 
order for sufficient energy to become avail- 
able for the synthesis of additional virus 
particles within the cell, the initial virus 
particle should combine with at least one 
and probably with a series of intracellular 
enzymes. Therefore, such virus-cytoplasmic 
unions appear of decisive importance rela- 
tive to the possibility of virus multiplica- 
tion, and would seem to control the process 
which results in infection. In the light of 
this concept they are of more fundamental 
significance than any other type of virus- 
host cell combination. Very little is known 
of the nature of intracellular combinations 
and nothing is known as yet of the intra- 
cellular enzyme systems which are required 
for virus multiplication. So far, almost all 
frontal approaches to these problems have 
come up against nearly insurmountable tech- 
nical difficulties. There appears to be no 
satisfactory means by which a_virus-in- 
action, so to speak, can be studied. Still it 
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has been possible to obtain evidence with 
some plant viruses as well as certain ani- 
mal viruses which suggests that either poly- 
saccharides or proteins, perhaps both classes 
of substances, combine with viruses inside 
susceptible cells. It has been shown” that 
digestion with trypsin releases the aggre- 
gates of fowl-pox virus from infected tissue. 
In trachoma there is evidence” that the ele- 
mentary bodies lie in) a matrix which is 
composed largely of carbohydrate and prob- 
ably is glycogen. Either trypsin or a cellu- 
lase obtained from the snail, Helix aspersa, 
liberates tobacco mosaic virus, tomato bushy 
stunt virus and potato X virus from infect- 
ed plant leaves.* 

After a virus has established contact with 
a susceptible cell and then has undergone 
multiplication within the cell, numerous 
virus particles are released or escape from 
the cell. They may then infect other sus- 
ceptible cells and repeat the cycle. When 
virus particles escape from infected cells 
they may remain combined with cytoplas- 
mic components or may combine with ex- 
tracellular components, with substances 
present in the intercellular fluid or with 
connective tissue cells which in most in- 
stances they do not infect. A number of 
plant viruses become so firmly combined 
with the fiber of the leaf after release from 
infected cells that it is virtually impossible 
to break the union except by rigorous pro- 
cedures which largely destroy the viruses.’ 
Both mumps” and influenza viruses® combine 
with a component present in the allantoic 
fluid of the chick embryo and it is fairly cer- 
tain from results recently obtained” that such 
combinations do not dissociate completely. 
Moreover, it has been shown™ that influenza 
virus remains firmly combined with host 
tissue components even after extensive pu- 
rification procedures. In the latter instance 
it is not vet possible to determine whether 
intracellular, extracellular or both types of 
combination are responsible for the results 
obtained. In a few cases there is some indi- 
cation of the nature of the component which 
is combined with a virus after it has es- 
caped from an infected cell. With influenza 
viruses” a polysaccharide composed of man- 
nose, galactose and glucosamine units was 
constantly associated with the purified virus 
particles and it was thought that host pro- 


tein was also present. The results of recent 
experiments’ suggest that the combining 
component in allantoic fluid may be a mu- 
coprotein and in this respect, at least, it 
seems to be analogous to the erythrocyte re- 
ceptor which appears to be a mucoprotein.’ 

If virus-host cell combinations occur with 
the frequency suggested by the results of 
the studies which have been summarized, it 
is to be expected that they should lead to 
peculiar findings, difficult to understand if 
the existence of such combinations is unrec- 
ognized. What has been found with one ani- 
mal virus is pertinent in this connection. 

Normal mice harbor in their lungs a virus 
which can cause fatal pneumonia in _ its 
natural host.” The agent is termed pneu- 
monia virus of mice (PVM). The name is 
misleading because PVM is present not only 
in mice but also in many other species. It 
appears that among 9 species of mammals, 
including man, each is subject to latent in- 
fection with the virus*® and it can cause 
fatal pneumonia in at least 3 animal species, 
i.e., mice, hamsters and cotton rats. Among 
avian species it appears that chickens, as 
well as chick and duck embryos, do not har- 
bor PVM and are not susceptible to in- 
fection." 

Early investigations” showed that the 
virus is strictly pneumotropic; causes infec- 
tion of the lungs when given intranasally, 
but not when given by other routes; stim- 
ulates the development of active immunity 
and is neutralized in vivo by immune serum. 
Complement fixation, however, did not oc- 
cur in the presence of immune serum and 
no other in vitro test gave positive results 
with the agent either in the presence or ab- 
sence of immune serum. Early evidence” in- 
dicated that the virus was of medium size 
with dimensions of the order of 100 to 150 
millimicrons. 

With studies limited by in vivo techniques 
progress was slow and neither the precision 
nor the quantity of data obtainable was 
great. This situation changed when it was 
discovered” that PVM causes agglutination 
of mouse red blood cells. From comprehen- 
sive investigations on the hemagglutination 
phenomenon with the virus there have 
emerged some unexpected results.’, *,™, ” 

When fluid and red blood cells are ex- 
pressed from the cut surface of mouse or 
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hamster lungs infected with the virus, ag- 
glutination of the erythrocytes occurs. Sus- 
pensions of such infected lungs do not cause 
hemagglutination. After heating such sus- 
pensions at 70 or 80°C., agglutination of 
red cells is demonstrable. The addition of 
material from normal lungs to heated sus- 
pensions causes hemagglutination to disap- 
pear again but, upon further heating, the 
property reappears. This cycle of masking 
and unmasking the capacity to cause hem- 
agglutination can be repeated many times. 
The virus, although rendered non-infectious, 
remains otherwise unaltered during the 
process. These findings led to the concept 
that stable combination between the virus 
and a heat labile component of lung tissue 
was responsible for the results.‘, * 

To obtain maximum hemagglutination 
titers high temperatures are required and 
the titer is related to both the temperature 
and time of heating.*,” Alkali can also be 
used to unmask hemagglutination with 
PVM.” To obtain maximum titers a high 
pH is needed. The virus becomes non-infec- 
tious when heated or when mixed with alkali. 
Consequently, the procedures which unmask 
hemagglutination also cause _ inactivation. 
Until recently it was not possible to cause 
dissociation of the combination between 
virus and lung tissue component without de- 
stroying infectivity. This has now been ac- 
complished ;* when the electrolyte concen- 
tration is sufficiently reduced, free infec- 
tious virus dissociates from combination 
with host tissue. By appropriate variation 
of the concentration of electrolytes, either 
combination or dissociation can be caused 
at will. Of more importance the cycle of 
combination and dissociation can be repeat- 
ed many times without causing demon- 
strable alteration in the combining capacity 
of either the virus or the host cells. 

There is adequate evidence that hemag- 
glutination is caused by free virus particles 
themselves and not by some other substance 
in infected lung tissues.” Free virus can 
be obtained from infected lungs without 
subjecting the tissues to grinding.™,* Such 
preparations contain infectious PVM in 
relatively high titer and give, without fur- 
ther treatment, corresponding hemagglu- 
tination titers. On the addition of mouse 
or hamster erythrocytes agglutination occurs 


and the virus is carried down with the red 
cells. Erythrocytes from other mammalian 
species or from chickens are not agglutina- 
ted and the virus is not adsorbed by such 
red cells.*, When particles from the lungs 
of normal mammals are added to free virus, 
agglutination does not occur, but the virus 
sediments along with the lung tissue par- 
ticles.7,** Similar particles from _ tissues 
other than the lungs of susceptible animals 
or from chick embryos, do not increase 
the sedimentation rate of the virus. 

It is evident that the virus unites with 
erythrocytes which are agglutinable but 
does not combine with those which are in- 
agglutinable. Moreover, it also unites with 
mammalian lung tissue particles but does 
not combine with particles from other tis- 
sues of the same animals or with avian 
tissues. It is important to emphasize that 
PVM infects the lungs alone.” The com- 
bination between PVM and erythrocytes or 
between the virus and lung tissue, particles 
is stable and does not dissociate at physio- 
logical electrolyte concentration. When 
combined with lung tissue particles, the 
virus is not capable of uniting with red 
cells or reacting with specific antibody in 
vitro even though it can be neutralized by 
specific antibody in vivo, probably only 
after the complex has been split. 

In intact infected lung tissue much of 
the virus appears not to be combined; it is 
infectious and also capable of combining 
with suitable erythrocytes. When it is un- 
combined, the virus is capable of reacting 
with specific antibody in vitro and positive 
reactions are obtained in both complement 
fixation” and hemagglutination-inhibition 
tests.”,* Free or uncombined PVM is sev- 
eral times smaller than combined virus and 
is of relatively uniform particle size. Pres- 
ent evidence indicates that the free virus 
is actually a relatively small agent with 
dimensions of the order of 40 millimicrons.” 

In attempts to determine the physical, 
chemical or immunological properties of a 
virus, or to estimate the size of the par- 
ticles, the results will be influenced by the 
state of the agent. With spherical particles . 
of similar density with dimensions of the 
order of free PVM (i.e., 40 millimicrons) 
as compared to combined PVM (i.e., 140 
millimicrons), the difference in particle 
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weight or volume is more than 42 times. 
Moreover, at least 95 per cent of the 
particles of combined PVM consist of host 
constituents distinct and separable from 
the virus. It is improbable that stable com- 
bination with tissue particles is a phenom- 
enon peculiar to PVM alone. As has been 
indicated, there are reasons for thinking 
that the phenomenon is not unique and that 
other viruses behave in a similar manner. 


Because of this the available data con- 


cerning their physical, chemical and im- 


munological properties may require re- 
evaluation. 

The capacity of mammalian lung tissue 
to combine with PVM appears to be de- 
pendent upon a_ tissue component, not 
present in other organs, which interacts 
with the virus.’,* Only specific antibody 
possesses greater affinity for the virus than 
this tissue component.’ Non-specific adsorp- 
tion can hardly be invoked as an explana- 
tion for combination since suspensions of 
mammalian tissues other than lung, or of 
avian tissues, do not bind PVM. Excepting 
only the red blood cells of mice and ham- 
sters the combining component is present 
solely in mammalian lungs and is demon- 
strable in the intact lung.’ Since crystalline 
trypsin, but not other enzymes, destroys 
the combining capacity of the tissue com- 
ponent, as also do heat and alkali, it is 
probable that protein is an essential con- 
stituent.’ 

The available evidence strongly suggests 
that the combining component in mam- 
malian lungs plays a decisive role in the 
initiation of infection with PVM.” The 
only mammalian organ which can be in- 
fected with the virus is that organ which 
contains a component capable of combining 
with the virus. Different animal species are 
susceptible to infection with PVM in differ- 
ent degree. These differences in suscepti- 
bility are directly correlated with the 
quantity of combining component in the 
lungs of the several species.’ It is probable 
that the first step in the initiation of in- 
fection with PVM is combination between 
free virus and the lung tissue component 
at the surface of susceptible cells. If this 
is the case, it may seem paradoxical that 
combined virus is as infectious as free 
virus. However, evidence has been obtained 


that a substance, probably a_ proteolytic 
enzyme, present in the intact lung can split 
the combination and release free virus 
which then can combine with and _ infect 
susceptible cells." It appears now that an 
essential preliminary step in establishing 
infection with combined virus is splitting 
of the virus-tissue component complex in 
order that free virus, so released, may re- 
combine with the component at the surface 
of susceptible cells in the lung.’, * 
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